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PROCESSES CONTROLLING SELENIUM AND OTHER CONSTITUENTS IN

IRRIGATION DRAINWATER AND THEIR EFFECTS ON WILDLIFE OQOF THE

SALTON SEA AREA, TMPERIAIL COUNTY, CALIFORNIA 1986-1990

By James G  Setmire, Roy A. Schroeder,
and Jill1 N. Densmore, U.S5. Geological Survey, and

Steve Goodbred, Daniel V. Auder, and William Radke, U.S5. Fish and Wildlife

Service

ABSTRACT

A detailed investigation of the Salton Sea area by the U.S. Deparctment

of the Interior was completed in 1990. Cverall objectives of the study were

ro determine the extent, magnitude, and effects of contaminacion associarted
with agricultural drainage on migratory and resident birds and their habitacs

and to determine the sources and exposure pathways of contaminancs,

Results of the study indicate that factors controlling contaminant
concentrations in subsurface drainwater in the Imperial Valley are soil
characteristics, hydrology, and agricultural practices. Higher contaminant

concentrations commonly were associated with clayey soils, which retard che

movement of irrigation water amd, thus, increase evaporative concentration.

17
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Regression of hydrogen- and oxygen-isotope ratios in samples collected
from sumps demomstrates that Colorade River water is the socle source of

subsurface drainwater in the Imperial Valley. Elemental ratios of selenium co

chloride indicate that selenium detected #n subsurface drainwater througnout

the Imperial Valley originates from the Colorado River. The selenium load

discharged to the Salton Sea from the Alamo River is abour &.5 tons per vear.

Calculations were not made of the large volume of water entering the United

Statres from Mexico in the New River.

Biological sampling and analysis showed that drainwater contaminanecs,
including selenium, boron, and DDE, are accumulating in tissues of migravory

and resident birds utilizing food sources in the Imperial Valley and Salton

Sea. Selenium concentrations in piscivorous birds, shorebirds, and the

endangered Yuma clapper rail were at levels that my be affecring reproduction.
Selenium bioaccumulated in "clean" Asiatic river clams placed in a major

irrigation drain during spring planting. Indigenous clams accumulated

selenium in proportion te inflow of irrigation drainwater, thus showing that

clame can be an excellent selenium biomonitor. Boron concencrations in

migratory waterfowl and resident shorebirds were at levels that potentially

could cause reduced growth in young. Waterfowl and piscivorous birds in the

Imperial Valley may be experiencing reproductive impairment as a resulr of DDE

contamination of food sources. Some of the highest concentrations were found

in birds feeding in agricultural fields on invertebrates and small mammals. A

total of 19 organmochlorine pesticides, other than DDE and its metabolites,

were found in biota. Of these, only two, toxaphene and hexachlorobenzene,

were detected at levels above 1 microgram per gram, dry weight. XNo
organochlorine pesticide residues above the National Academy of Sciences

chreshold of 1 microgram per gram to protect predatory (piscivorous) birds

were found in Eish.
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INTRODUCTION

Background

Stare and Federal agencies, as well as privace citizens, have expressed
concern that contamination of the Salton Sea by agricultural drainwater is

occurring and that it may be a chreat to human health and to the survivabilicy

of fish and wildlife resources of the Salton Sea area. In 1986, the U.S,

Department of the Interior began an investigation of irrigation drainage in
the Salton Sea area. The initial phase of the investigation, a

reconnaissance, was completed in 1988. Results of the reconnaissance,

reported by Setmire and others {1990}, indicated that selenium, boron, and DDT
metabolites are present in elevated levels that could cause phylological harm

to resident wildlife and fish of the Salton Sea National Wildlife Refuge

(NWR) .

During the reconnaissance study, elevated levels of selenium were
detected in samples of water and bottoem sediment collected in the Imperial
Valley. The highest measured selenium concentrations were from irrigation

drainage, which consists of a concentrate from the percolation of irrigation

wacer through a shallow (usually about 6 fry soil column. Of bottom-sedimentc
samples collected in the study area, those from the Salton Sea near the mouth
of the Alamo River (the major tributary to the sea) had che highest

concentrations. These results indicared the need for a more detailed

investigation in the Imperial Valley.

19
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Purpose and Scope
This report presents the results of a detailed investigation of the
Salton Sea area completed by the U.S. Department of the Interior in 1990. The

detailed investigation was & joint effort conducted by scientists from the
U.S. Geological Survey and the U.§. Fish and Wildlife Service. The U.S.
Geological Survey was responsible for determining the hydrologic and
geochemical factors affecting concentrations of irrigation-induced
contaminants, particularly selenium, and the U.S. Fish and Wildlife Service
was responsible for identifying pathways of contaminant accumulation in biocta,
The results of the detailed investigation are to serve as the basis for

possible future remediation efforts under the direction of the U.5. Bureau of

Reclamatrion.

This reporrt contains analysis and interpretation of the data collected
for the detailed study. Summary tables are provided as needed to support the
text. Because of the volume of biological, water, and sediment data collected

during cthis intensive study, the actual data tables have not been included. a
separate data report, U.S. Geological Survey Open-File Report 91-XXX, has been
released to provide this information. The soils data for the 15 fields

sampled in the Imperial Valley and analyzed by the USGS Geologic Division

lLaboratory in Dernver, Colorado, will be presented in a separate reporrt.

20
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The general goals of the Department of the Interior study were to: (1)

determine the geographical extent and severity of existing and potencial

irrigation-induced water-quality problems, and (2) provide the scientific

understanding needed for development of reasonable alternatives to mitigate or

resolve identified problems. Within this context, the overall objecrives of

the detailed study were to determine che extent, magnitude, and effects of
conraminants associaced with agricultural drainage on migratory birds and
their habitats and, where effects are documented, to determine the sources and

axposure pathways of contaminants.

Specific objectives were developed for the detailed study, on the basis

of results of the reconnaissance invescigation, using the general goals as a

framework. Included in this development process were the selecting and

prioritizing of biota collections from the Salton Sea NWR and adjacent areas.
High priorities were assigned tc organisms most likely, because of their

ecological niche, to show effects of contaminant exposure; the potential

exposure of endangered species to contamimants also was considered.

21
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The specific objectives that were developed for the detailed study were

1. Determine the source and movement of selenium and boron in the
agricultural system of the Imperial Valley and the processes affeccing
concentrations of these elements.

2. Determine if selenium and (or) other contaminants associated with

agricultural drainwater are accumulating in selected migratory bird species
utilizing the Salton Sea NWR as a wintering area.

3. Determine if any drainwater contaminants have caused any adverse
chronic, or sublethal effects on resident birds that nest in the Salton Sea
area or if there is the potential for adverse effects on reproductive success
of migratory birds utilizing the Salton Sea as a wintering area.

4. Determine the bioaccumulation of selenium and (or) other drainwater
contaminants in aquatic food-chain organisms important to fish and to
migratory and resident birds.

5. Determine if selenium and (or) other contaminants could be
biloaccumulated by transplanted freshwater clams exposed to drainwater
discharges. If so, determine seasonal variation in bicaccumulation of

contaminants in the transplanted clanms.

22
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Naseriprion of Studv Area

The study area for the reconnaissance investigation consisted of the
P ki - . . . . X .
FIGURE | _ major agriculctural areas of the Coachella and Imperial V .eys (fig. 1)
nesr here
Because wildlife refuges are locacted in the Imperial Valley, and because of
limited resources, this more detailed study focused primarily on the soutnern
end of the Salton Sea and on irrigation drainage originmating in the Imperial

Valley. See Setmire and others (1990) for a derailed discussion of the

geology and history of the Salton Sea area.

23
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Figure 1. Location of study area.

24
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Ecolopy of Szlton Sea Area

The Salton Sea is, in essence, a manmade body of water having a largely

ﬁﬁﬁﬁgz‘r_ manmade ecosystem (figs. 2 and 3). Most of the nacural world is composed of

ngar here .

complex and dynamic food webs that have developed over a very long time
period; by contrast, the relatively recent formation of California’s largest
inland body of water and the subsequent introductions of numerous species that
were not native to the area, have resulted in a relatively simplified regional
ecology. Salton Sea food webs are short and lack diversity (Walker, 1961}.
Recause of this simplicity, any changes in lower trophic levels have cthe

potential to dramatically alter the populations of top predators, such as

piscivorous birds.

The Salton Sea iies within the Cahuilla Basin, or Salton Sink, an
actively spreading rift valley that is below sea level. Fossils have been
found that indicate at least short durations of saltwater inundation, implying

that the basin was a continuation of the Gulf of California prior to the

formarion of the Colorado River delta (Walker, 1961), Formation of the delta
separated the valley from the Gulf and created a closed basin containing the
Imperial Valley. In geologically recent times, the Colorado River's flow
periodically has empried into the Imperial Valley for various amounts of time.
The volume of shells left by freshwater mollusks and the deposits of calcium

carbonate in the form of travertine or calcareous tufa show that Lake

Cshuilla, the most recent (about 1,500 years before the present) of the inland

seas, was not saline (Walker, 1961).

23
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Figure 2. The Salton Sea. Looking east from south end of the sea toward the

Chocolate Mountains,

26
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Figure 3. The Salton Sea. Looking west across rhe north end of the sea

toward Obsidian Butte.

27
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Uncaontrolled flooding during 1905 diverted the Colorado River. from its
former course into the Gulf of California. invo the Cahuilla Basin and created
the present Salton Sea. Since 1907, water has entered the sea through a
system of controlled drains that are influenced by irrigation practices in the
agriculturally rich Coachella and Imperial Valleys. The sea acts as a sump
for irrigation-water drainage, and although an escimated 1,300,000 acre-fr of
water drains into it each year, annual evaporation of about 2 m maintains the
surface of the Salton Sea at a fairly stable level, with its highest elevation
in spring and its lowest in autumn (Setmire and others, 1990). Currently, cthe

water level of the sea is about 226 ft below sea level, and the sea’'s greatestc

depth is abour 50 fr.
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Salinity of the Salton Sea is as great as &4 parts per thousand. &bout
1% percent greacer than that of the Pacific Ocean (Hagar & Garcia. 1988).

Zecause it is within a closed basin having low rainfall and high evaporation,

the sea has tended to become increasingly saline (U.S. Department of the

Interior and the Resources Agency of California, 1974). The sea is less

saline at the mouths of most major drains, and this freshwater influence is
reflected by the species composition at these tribucaries. Another
ecological influence is the effect of solar radiarion--which creates extremes
berween surface and bottom temperatures and, in turn, affects the dissolved-
oxygen content of the water (Walker, 1961). Oxygen becomes increasingly less

soluble in higher salinities (Hagar and Garcia, 1988). Although dissolved-
oxvgen saturation is affected by ctemperature, low dissolved-oxygen
concentrations result from high productivity (eucrophicacien), thermal
stratificacion, and wind-induced resuspension of anaerobic bottom sediments.
As salinity inecreases, organisms become more susceptible vo, and more likely
to succumb to, temperature stress (Hagar & Garcia, 1988). 1In addition,

temperature and salinity may interact with factors such as parasicism (Moles &

Pella, 1984) and concentrations of toxic substances (Bryant and others, 1984)

ra affecrt all life in the Salron Sea.

29
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Studies of dissolved oxygen in the Salton Sea have shown great diurnail
changes in the oxygen content of nearshore water. Dissolved oxygen was
present in high concentrations throughout the water column during winter, buc
often was absent at the sea bottom on windless summer days (Walker, 1961).
This affects the seasonal abundance of benthiec organisms, along with species
dependent on those organisms as food. During the eventual mixing that follows
oxygen depletion at the sea bottom, the dissolved-oxygen concentration at the
water's surface temporarily can be lowered below the minimum level necessary
to maintain many forms of life in the sea (Walker, 1961). In addition, high
concentrations of sulflde and ammonia presemnt at the bottom during the summer
are mixed into surface waters. This results in annual f£fish kills, which serve

to feed thousands of gulls, heronms, pelicans, and other wildlife such as

raccoons,

30
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There are several relatively simple food chains operating at the Salton
Sea. 1In the sea itself, the only organisms capable of producing food from
sunlight and nutriencs are phytoplankton and macroscopic algae (Walker, 1961)
These foads are eaten by animals and used for growth, maintenance, ot to
provide energy. Food that is oxidized for emnergy is broken down into simpler
molecular components, which become available for re-use by plants; this
process is called cycling. There is an energy loss at each sctep of the food
chain because each animal in the chain passes on to its successor only a part
of the energy from the food that it has consumed (Ricklefs, 1973). Perhaps
the two most prominent food chains in the Salton Sea are (1) phytoplankron ->
zooplankton -> detritus -> pileworm -> forage fish -> predatery fish ->
piscivorous birds and (2) a shorrer chain: phyctoplankton -> zooplankton

-> detritus -> pileworm -> water bird. A typical drainwater ecosystem might
be: phytoplankton -> zooplankton -> aquatic insects -> forage fish -> wacter

birds and turtles. Many migratory waterfowl species feed primarily on
emergent and submergent vegetation; this represents the shortest food chain in
the Salton Sea ecosystem. Ultimately, some of the Salton Sea’'s waterfowl and
gamefish progress farcher cthrough the food chain when they are consumed by
humans .

The basic ecology of the Salton Sea and relations among organisms of

different trophic levels are shown in figures 4 and 5.

Primary productivity in the Salton Sea is accomplished by phyroplankton,
which absorb energy from sunlight and photosynthesize it to produce
carbohydrates, proteins, and fats from carbon dioxide, bicarbonate, nitrare,
ammonia, and phosphate that are dissolved in the sea (Walker, 1961). In the
Salton Sea, phytoplankton is represented by several pennate diacom species and

by dinoflagellates.
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Figure &  Trophic relations among organisms of che Salton Sea.
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Figure 5. Trophic relations among organisms of rivers and drains.
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Diatoms are found both offshore and near shore; dinoflageilates

normally are found near shore and are subject to local blooms. BRecause of

their large size and numbers, the most important phytoplankron in the Saltoen
Sea include the genera Nitzschia, Cvclotella, Glenodinium, and Exuviella.

Populations are relatively small during the summer, but the phytoplankton are

present throughout the year (Walker, 1961). Due to turbidity and the volume

of planktonic Life in the sea, it ig estimated that only the first meter of

the water column receives enough light to support photosynthesis (Walker,

1961). In addition to microscopic phytoplankton, macroscoepic green algae

exist in both the freshwater drainages emptying into the sea--and some species

of green algae (such as Enteromorpha sp.) exist in the sea itself. Also,

blue-green algae species grow on the bottom of the sea in shallow water or on

pilings and buoys (Walker, 1961). Because benthic plants are limited ro a

very narrow fringe around the periphery of the sea, they produce less biomass

than do phytoplankton (Sumich, 1879).

Lavertebrate life in the Salton Sea is represented by various
protozoans, rotifers, bryozoans, nematodes, annelids, and arthropods: the most
important of these in the local food chains are the annelids and arthropads,
Various species of mollusks are present only in freshwater tribucaries.
Protozoans and nematodes occur primarily in the algal mats and in decaying
organic matter and are utilized to some extent by organisms that feed on the

sea bottom. The more-planktonic rotifers provide food to filter-feeding

animals in the sea. The moss-like bryozoans are believed to be insignificanc

in the food cycle (Walker, 1961).
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Amphipods and pileworms {(Nereis succinea) represent perhaps the mest
crivical link in che food chain because these are the only animals in the sea

that convert detritus inte food for other organisms (Walker, 1961). aAmphipods

are present in both freshwater and saltwater ecosystems at the Salton Sea,

where they exist primarily as benchic organisms living in bottom debris, in

macroscopic algae, and among sessile animals (Villee and others, 1973). Many

amphipods burrow into sand or mud, and some are tube dwellers. The amphipods

present at the Salton Sea are omnivores and scavengers, and they in turn are

eaten by various fish and bird species.

The pileworm, which was incroduced to the sea about 1930 and has been

abundant since about 1935 (Walker, 1961}, is the principal detritus-feeding

animal in the Salton Sea. Pileworms are restricted to fine sand and siitc

material, where chey spend most of their lives in burrows or among masses of

barnacles (Kuhl & Oglesby, 1979). Pileworms are most abundant in the bottom

sediments at water depths of 5 to 8 m but seasonally are found throughout the

sea at every depth (Walker, 1961). During the summer, pileworms are not able

to survive below depths of 9 m because of the lack of oxygen (Walker, 1961).
Mature pileworms leave their burrows at night and swim to the surface to
spawn. Although spawning occurs throughout the year, it peaks during spring
and £all (Kuhl & Oglesby, 1979). The eggs and larvae are planktonic and all
stages of the pileworm are extremely important to the Salton Sea food chains.
Fish in the Salton Sea are largely dependent on the pileworm, whose food value

is high because pileworms have a greater proportion of proteins and facs

(although fewer carbohydrates) in comparison with mollusks or cruscaceans

(Zenkevich, 1951).
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The barnacle Balanus smphitrire was first observed at the Salton Ses in

1944 (Walker, 1961). Barmacles in the sea are limived by the number of solid

surfaces upon which vo attach; most barmacles are found near shore where there

are more surface areas for attachment. There are two abundance peaks in the

planktonic population--one occurs in spring and another in autumn. The

planktonic population is low during winter. Although not vitally imporrant to

the food chain, the great numbers and the rapid growth of barmacles in the

Salton Sea make them significant (Walker 1961). Adult barmacles in the sea

are eaten occasionally by fish, and the planktomic larvae are fed on by

filter-feeding organisms and to a limited extent by young fish. Barnacles

also are eaten by wintering waterfowl such as ruddy ducks (Oxyura jamaicensis)
and scaup (Aythya sp.). Perhaps more importantly, barnacle shells are washed
up and deposited on some of the Salton Sea beaches where they are crushed by
wave action into a coarse sand. These "barnacle bars" serve to impede some
freshwater drainflows intc the sea and in some places create ponds of water

having a different salinity than the sea itself. These ponds are utilized

extensively as feeding areas by shorebirds and other wildlife.
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The reproductive peaks of both pileworms and barmacles are most

prevalent during the spring and autumn. making plankton fairly rich and

abundant during those seasons. The total numbexs of zooplankton, however, are

greatest during summer when rotifers and copepods appear (W. ker, 1961). The
rorifer, Brachicnus plicacilis, is the most numerous animal in the summer
plankton of the Salton Sea, but it does not seem to be a direct source of foad

for any animal in the sea (Walker, 1961). The copepod, Cyclops dimorphus, is

present only during the warmesc part of the year (Walker, 1961}. Copepods are

an important link in the food chain of the Salton Sea because they feed on

phytoplankton and are then eaten by young fish. Dead rotifers and copepods

add to the organic macter (detritus) on the sea bottom, where they are fed on

by bacteria and pileworms.
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The Whitewater River, Alamo River, New River, and numerous smaller
tributaries to the Salton Sea act te drain agricultural lands frem borh the
Imperial and Coachella Valleys. 7Two "natural" tributaries (that is,
containing no agricultural drainwater) are San Felipe Creek and Salt Creek.
All agricultural drains contain an ecosystem composed larpely of introduced
organisms, including common reed (Phragmites communis), saltcedar (Tamarix
sp.), the Asiatic river clam (Corbicula fluminea), the crayfish (Procambraus

clarkii), and numerous introduced fish species. Freshwater drains and ponds
contain ample aquatic invertebrate life, notably waterboatman (Corixa sp.),
which alse is found in the saltwater-freshwater interface where the drains and
sea meet. Adult warerboatmen can fly and rapidly colonize new bodies of wacer
where they swim and feed on algae and minute submerged feod particles (Milne &
Milne, 1980). Waterboatmen are preyed on by numerous fish and bird speciesg,
such as the black-necked stilt (Himanropus mexicanus). Agricultural fields,
when irrigated, flood out terrestrial insects such as crickets (Gryllus sp.)
and earthworms, making them readily available to large numbers of catrle

egrets (Bubulcus ibis), white-faced ibis (Plegadis chihi), long-billed curlews

(Numenius americanus), and other birds that forage among the crops throughout

the year.
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Two introduced amphibians and repriles that are important in che
region’s food chains include the bullfrog (Rana cacesbeiana) and the spiny

softshelled turtle (Trionyx spiniferus). Both species are common in the sea's

freshwater inlets where they serve largely as predaters. Bullfrogs feed

mostly on aquatic invertebrates living in the drains, and they are fed on by
fish, herons, egrecs, bitterns, skunks (Hephitis sp.), raccoons, and humans.
The highly aquatic spiny softshelled turtle is abundant in freshwacter drains
where it feeds on various invertebrates, frogs, and fish, or scavenges on

lifeless organisms (Stebbins, 1985). Young turtles become prey to wvarious

birds and mammals, but adult softshelled turtles are taken by few predators

other cthan humans.
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Although the federally endangered desert pupfish (Cyprinodon macularis),
is the only fish native to the Salton Sea area, curremntly at least 15

introduced fish species inhabit the sea and its associated drains. The cnief

gamefish of the sea is the orangemouth corvina (Cynoscion xanthulus}), which
has supported a substantial sport fishery (Walker, 1961). This species
occupies the top of the aguatic food chain and feeds on tilapia (ITilapia
mossambica), longjaw mudsucker (Gillichchys mirabilis), bairdiella (Bairdiella

icisrcius), sargo (Anisotremus davidsoni), and threadfin shad (Dorosoma

pecenense), all of which are important forage species. These forage fish in

turn feed on plankton--including fish eggs, copepods, barnacle larvae, and
amphipods--but primarily on pileworms (Walker, 1961). Pileworms are the
staple food item for all but very young fish. The most important limiting
factor for some fish species in the sea may be the scarcity of pileworms
during summer and early fall (Walker, 1961). The Salton Sea currently is too
saline to allow successful spawning by many of the resident fish species
(Lasker and others, 1972, 1975); however, some recruitment probably comes from

fish entering the sea from freshwater inlets and the less-saline drain outlets

at the confluence with the sea. Freshwater drains contain large numbers of

tilapia (Tllipia zilli}, carp (Cyprinus carpa), mosquitofish (Gambusia
affinis), sailfin molly (Poecilia latipinna), longjaw mudsucker, and red
shiner (Notropis umbratilis), which are important forage for larger fish,

predatory birds, and numerous other wildlife species.
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Although corvina. sargo, and bairdiella eggs and larvae currently can
tolerate the salinity levels in the sea (California Department of Fish and
Game, 1987), chere is some indicavion that producrion of these species is

declining. In addition, tilapia in the sea experience significant population
fluetuations as a result of low wincer temperatures (Hagar & Garcia. 1988),

However, the reproductive potencial of the Salton Sea fishery is

extraordinary. Numbers are traditionally held in balance through fish
mortalities that occur each year during summer or early autumn as a result of

food depletion, lack of oxygen, or a combination of both factors (Walker,

1961) .
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The Salton Sea supports an unusual diversicy and abundance of birds:
more than 375 species utilizing the various habitats available on or adjacenc
-0 the sea. The sea's abundant supply of invertebrate life directly supports
iarge numbers of wintering waterfowl, grebes, and shorebirds (figs. © and 7).
Cumulative numbers of norcthern pintail {(Anas acuta), northern shoveier (Anas
clypeata), ruddy duck, and other waterfowl have exceeded 123,000 in recenc

vears; the number of eared grebes (Podiceps caspicus) has been as high as

300,000. Fish produced in the sea or ite freshwater inlets previde abundantc

food for predatory species such as pelicans, cormorants, herons, egrets,

terns, and osprey. As many as 5,000 endangered brown pelicans (Pelecanus

occidentalis) occasionally spend the summer on cthe Salton Sea, as recently as

1988, as many as 2,000 herons, cormorants, and egrets were surveyed nescing at

the southeast end of the sea alone. Bird species that scavenge along the

shoreiine of the Salton Sea are represented primarily by turkey wvulrtures

(Catharctes aura) and as many as 17 species of gulls. The Salton Sea regularly

supports such western avian rarities as the brown booby (Sula leucogaster),

roseate spoonbill (Ajaja ajaja), wood stork (Mycreria americana), and fulvous

whistling duck (Dendrocygna bicolor}. The sea is one of the few nesting sites

in the United States for gull-billed terns (Gelochelidon nilotica) and is cne

of only two nesting sites in the Westerm States for black skimmers (Rynchops

nigra). Many of the wildlife attracted to the sea become prey for raptorial
bird species such as the peregrine falcon (Falce peregrinus) and the bald

eagle (Haliaeertus leucocephaius), both of which are listed as Federally

endangered species. Another endangered species, the Yuma clapper rail (Rallus

longiroscris yumaiensis}) is dependent on cattail werlands and associated
invercebrace foods made available by freshwater drains into the Salton Sea.
Shorebirds, with peak numbers of more than 100,000, uctilize Salton Sea

habicars during winter and migration periods (Page and others, 1990), and
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shorebird species such as the black-necked stilt are abundant breeders at the

Salton Sea.
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Mammals that are importanc to the Salton Sea ecosystem include

herbivores, insectivores, and carnmivores. Several rodent species exist in

cerrestrial habitats, where they provide important foods for raprtors and other

predacors., During winter months, rodents become an important food item for

herons and egrets. Muskrats (Ondacra ziberhica) are present in freshwater

tributaries, where their feeding and burrowing activities help mainctain marsh

habitats for various other species. At least 12 kinds of bats urilize the

Salton Sea area and ingest very large numbers of aerial insects produced in

the Imperial Valley. Coyotes (Canis lacrans), raccoons, and striped skunks

act both as predators and scavengers (Ingles, 1963), transferring energy

farther through the food chain. Finally, humans exert extraordinary influence

on all the existing habitats and represent the final trophic level in some

Salton Sea food chains.
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The creation of any new habitatv invices s host of invading species that

zre quick to exploit available resources (Ricklefs, 1977). XNot all species in

a community are not equally abundant. Organisms with high reproduccive
potentials tend to make the most compiete use of the available food by varying
their pepulation size to match the foed supply (Walker, 1961). Pileworms
exemplify cthis potencial in the Salton Sea. Organisms of lower reproductive
potential cannot adjust their population size as rapidly to food fluctuations
and tend to stabilize near the low point of their food supply (Walker, 1961).
Such low-point stabilizavion currently is shown at the Salton Sea by fish-

sating species such as cormorants, herons, and egrets, which virtually have

ceased nesting, perhaps in response to a large-scale tilapia dieoff or

possibly to the effects of contaminanvs. The Salton Sea is a very productive

body of water and produces, per unit volume, more phytoplankton than dees

fertile coastal ocean water (Walker, 1961). Existing food chains are limited

by the interactions between salinity and temperacture as well as by the
influences of these interactions on dissolved oxygen content {Hagar & Garcia,
1988). The tributaries that carry drainwater from agricultural fields in both

the Imperial and Coachella Valleys into the Salton Sea have the potential teo

contribute various contaminants into the ecosystem at most trophic levels.
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Previous Irvestigations

Setmire and ochers (1990) collected vater, bottom sedimentc, and biota
samples during 1986-87 in the Salten Sea area to derermine concencrations of

trace elements and pesticides as part of the Department of Interior lrrigacion

Drainage Program. Results of this reconnaissance-level investigaction

indicated that selenium, horon, and DDT metabolites are the major concaminants

of concern.

flevared concencrations of selenium in water were restricted toe tile-

drain-effluenc. The nighest selenium concenctration of 300 pg/L was detected

in a tile-drain sample, and the lowest concentration of 1 ug/L was detected in
a composite sample of Salton Sea water. The median selenium concentration in
12 samples was 19 pg/L. In contrast to the pactern for water, the highest

bottom-sediment concentration of 3.3 mg/kg was in a composite sample from the

Salton Sea.

Tn fish from the Salton Sea, selenium levels ranged from 3.5 to 20 wug/g,
dry weight (DW), for tilapia and corvina: the mean concencracion, 10.5 pg/g
DW, exceeds the health advisory level of 8 ug/g DW for human consumption of
fish.

The levels of selenium observed in samples of birds have been linked to

reproductive problems at other drainwater study sites, Selenium was detected

at concentrations as high as 27 and 42 ug/g in livers of black-necked scilt
and cormorant. However, the biological effects of selenium at these

concentrations in the Salton Sea area were mot documented.
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Roron concentrations also were elevated in tile-drain effluent and in
the Salton Sea. The median concentration in 12 wacter samples was 1,750 ug/L
(Setmire and others. 1990). The highest concentration of 11,000 pug/L was in
composite sample from the Salton Sea. Trifolium drain 1, which discharges
directly to the Salton Sea, had a boron concentration of 1,300 pg/L, and the
Alamo River at the outlet to the Salton Sea had a concentration of 680 ug/L.

Boron concentration in subsurface drainwater (eight samples) ranged from 200

to 3,400 ug/L.

The highest levels of boron in biota were found in plant samples. A

sago pondweed sample had a borom concentration of 370 pg/g. levels of boren

in the rooted aquatic plants bulrush and sorrel ranged from 40 to 130 ug/g

(mean 68.6 ug/g). Samples from the three drainwater-impacted sites were

higher (61 to 130 ug/g; mean 81.3 pg/g) than the control sites (40 to 48 pg/e;

mean 43.0 pg/g). Smith and Anders (1989) have found adverse dietary effects

on waterfowl at concentrations within this range. However, the biological

effects of boron at these concentrations at the Salton Sea were not observed.

Organochlorine pesticide residues were detected in bottom sediment at
concentrations approaching those found in 1977 (Eccles, 1978). Although no

DDT was detected in the 1986-87 recomnaissance investigation, its mecabolites
DDD and DDE were found at concentrations as high as 64 ug/kg (DDE) in bottom

sediments of the Alamo River at its outlet, and 24 ug/kg (DDD) in borttom

sediment of the New River at the international boundary.
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Preliminary evaluacion of the DDT and its metabolites in biora did noc
indicate substantial differences from results of other sctudies; however,

interpretation was deferred uncil data from additional samples were collected

in this detailed investigacion.

Saiki (1990) collected a total of 21 composite samples of &4 different
fish species from the Salton Sea for analysis of trace-element concentrations.
The species collected were orangemouth corvina (Cynosclon xanchulus),
bairdiella (Bairdiella iciscia), sargo (Anisocremus dividsoni), and Mozambique
vilapia (Tllapia mossambica), which represent the major recreational fishery
of the Salton Sea as well as a significant food source for piscivorous birds.
Concentrations of 12 elements were detected, bur only selenium was elevated in

comparison with levels measured in either the flesh or whole body of saltwater

fishes from other studies. However, the threshold concentration in tissues

for which selenium is toxic to saltwater flshes remains unknown. Boron

concentrations in fish from the Salton Sea were comparable to those found in

Setmire and others (1990).
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Cook and Bruland (1987) and McCleneghan and others {1981) studied rhe
sccurrence and distribution of inorganic and organic selenlum species in the

Zesterson Reservoir, San Joaguin River, and the Salton Sea. ACU sites in the

Salton Sea, thev found a strong density gradient that resulted in anoxic
conditions and the presence of hydrogen sulfide below 6 m. Water analyses
indicated that 58 to 81 percent of the total selenium was in the -II or O

oxidation state. Selenite (Se+IV) represented 33 percent of the totrail

selenium in the oxic surface waters but less than 1 percent of the total
selenium in anoxic waters. Selenate, the thermodynamically stable form in
oxic water, was not detected. Organic selenides represented 42 to 74 percent

of the residual selenium in the -IT or 0 oxidation state, with the proportion

increasing with depch.

In 1980, cavfish collected from the Alamo and New Rivers as part of
California's Toxic Substances Monitoring Program had concentrations of total
DDT in excess of National Academy of Sciences (1973) guidelines (1.0 mg/kg WW,
whole fish, in freshwater systems) (McGleneghan and others, 1981). Technical

ODT, endrin, and HCBE (hexachlorobenzene) zlso were found at levels of concern

in fish collected within the Imperial Valley.

Matsui (1989) found significant recent decreases in the number of eggs

and larvae for bairdiella and sargo. Also documented in this same study were

deformities in ichthyoplankton that were attributed to unknown contaminants.
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Mora and others (1987) investigated the seasonal variation of body
condition and erganochlorines in ducks from California and Mexico in 1981-82
and found some of the highest DDT and DDE concentrations in pintails collected
from the Salton Sea NWR. These levels were significantly higher than levels
found in the Lower Klamath NWR and were comparable to those observed at the
south (high level) end of a north-to-south gradient observed in waterfowl in
California by Ohlendorf and Miller (1984). In 1981, Ohlendorf and Miller
(1984) found the highest levels of DDT and DDE in pincails collected from
Imperial Valley--in comparison with Klamath Basin, Sacramente Valley,

Sacramento/San Joaquin delta, and San Joaquin Valley. Other contaminants,

such as dieldrin, PCB, and HCB, also were found in higher concentrations in

imperial Valley waterfowl. Concentrations of polychlorinated biphenyls

(PCB's) and HCB in pintails and shovelers were at levels not known to have any

effect on survival or reproduction. However, further sampling was recommended

for Imperial Valley to determine if DDE concentrations were at potentially

harmful levels.

Ohlendorf and Marois (1990) found elevated levels of DDE in great egret
(geomecric mean 24 pg/g WW) and black-crowned night heron eggs (geometric mean

8.62 pg/g WW) collected at Salton Sea in 1985. The mean DDE residues for

night heron eggs from Salton Sea were significancly higher than chose for

Blair Island, Kesterson, and Volta. Seventy percent of the night heron eggs

collected from Saltonm Sea exceeded 8 ug/g WW, which is the level known te

cause decreased reproductive success in the species. Mean selenium

concencration in Saltom Sea night herons was higher than for other sites, but

it was below comcentrations associated with reproducctive effects in night

herons.
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Researchers at the Lawrence Livermore Laboratory previously Iouna high
selenium concentrations from wintering waterfowl in the Imperial Valley

(Koranda and others, 1979). Mean concentrations (DW) were 15 ug/g in green-

winged teal, 15.6 pg/g in shovelers, 11.2 pg/g in pintails, and 4%9.5 ug/g in

ruddy ducks.

On the basis of prey-item and band-recovery data, black-crowned night
herons (Hermy and others, 1984) and white-faced ibis (Henny and Herronm, 1989)
wintering in the Imperial Valley are experiencing decreased reproductive

success at their (more northerly) breeding grounds. These studies concluded

that DDE accumulation on wintering grounds was the probable scurce of their

reproductive problems.
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Development of Sampling HMethodology

This section presents the working hypothesis for cthe selenium pathway
chat was used in developing the sampling methodology. Colorado River water,
imporced by the All-smerican Canal to che Imperial Valley for irrigacien,
contains 1 to 2 pg/L of selenium. This irrigation water is delivered to 160-
acre field plots by a 1,675-mile network of canals distributed throughour
Imperial Valley. Water applied to the head of the field percolates through

the soil and flows to subsurface drains. The flow rate of water that reaches

the drains and is discharged from the sumps varies and is dependent on the

quality and timing of irrigation, om soil characteristics, and on spacing of

subsurface drains. Part of the water that is applied to fields is lest by

evapocranspiration; part (tailwater) rums off directly from the field to the

drainage ditch; and part remains in the soil and becomes concentrated in

soluble salts. Thus, irrigation in an arid environment results in an

accumulation of salts in the root zone of the field or in a concentracting of

soluble salts in solution. These salts and concencrated water mix to greater
or lesser degrees with water from trench flow, with recently applied
irrigation water, or with regional ground water and flow to subsurface drains.
Selenium, alonmg with other soluble salts in irrigation water, is concentrated
in drainwater. This drainwater is collected in sumps and is discharged to
drainage ditches that empty into either the New River or the Alamo River.

Eventually, the drainwater empties into the Salton Sea at the delta areas of

che Mew and Alamo Rivers or i“=o major drains (Trifolium and Vail) thac

discharge directly to the Salton Sea.
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In the deltaz areas of the New and Alamo Rivers and the major drains that
discharge directly to the Salton Sea, selenium is removed from the water by
selenace-respiring bacteria in the shallow anaerobic sediments. These

bacteria reduce the selenacve in the inflowing water to elemental selenium.

Uptake of the elemental selenium by benthic organisms, particularly cthe

pileworm, then serves as the basis for a detrital food chain in the Salton Sea

(£ig. 8). The food chain begins as pileworms are consumed by forage fish such
as bairdiella, which are then consumed by piscivorous birds such as the

federally endangered California brown pelican. This transferral of selenium

between each of these trophic levels results in bicaccumulation and

pocentially in biomagnificacion.

Bioaccumulation is the accumulation of a chemical such as selenium in
tissues of an organism at a concentration that is substantially higher than
that in the environment in which the organism exists (Tinsley, 1979). If
tissue concentrations of a biocaccumulated constituent increase in z food chain

as the constituent passes from one trophic level to another, then

biomagnification is said to occcur.

55



PRELIMINARY SUBJECT TO REVISION June 24, 1691

The biomagnification of selenium in aquatic food chains has been
documented in a recenc study (Lemly and Smith, 1987), but it has been
questioned by others (Xay, 1984). However, it is clear that selenium
concencration in animal rtissue tends to reflect dietary le esls, particularly
when the selenium is an organic form rather then the inorganic selenite or
selenate (Sharma and Singh, 1983). Selenium concentrations in agquacic
ecosystems are 2 to 6 times greater in producers (phycoplankton, algae, and
vascular plants) than in the lower consumers (such as invertebrares and forage
fish) (Lemly and Smith, 1987). It also should be noted that estuarine and

marine organisms usually contain higher concencrations of selenium chan do

freshwater or terrestrial species (Eisler, 1985). This may be an important

consideration in the Salton Sea.

Biomagnification is important because 1t can cause top-level consumers,
such as piscivorous birds, to receive toxic selenium doses in the diet even
though concentrations in water may be low (Lemly and Smith, 1987). Equally as
important is the risk of toxicity cthrough the decrital food pathway, which
will continue despite a loss of selenium from the water column as loug as
contaminated sediments are presenc, such as in the Salton Sea. DDT

contamination in sediments is not a direct consequence of irrigation drainage

but of historical usage, soil erosion, and sediment transport.
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SAMPLE COLLECTION AND ANALYSIS

Selection of Sampline Sites

WVarer and Bottom Sedimentcs

Sites for the May 1988 sampling of subsurface irrigation drainwvater
(table 1) were selected using, as a vemplate, the list of 119 sites sampled in
May 1986 by the California Regicnal Water Qualicy Control Board (fig. 9). As

many of the same sites as could be located were resampled. Several sites from
the earlier sampling could not be located and replacement sites were chosen
from an irrigation and drainage book provided by the Imperial Irrigation

District (IID). Areal coverage was the primary criterion for selection of

these new sites,

Soil-sampling sites and sites for monthly monitoring of variaction in
subsurface drainwater were selected from the May 1988 sampling sites.
Selecrtion was made in consultation with Imperial Irrigation District for sites
that represent a range of moderate-to-high selenium concentrations and provide
sreal coverage of the Imperial Valley. From this evaluation, 15 fields were
selected, Tor the soil collection, 18 cores were taken from each field.

Sites within the field were located at the head of the field where irrigation
water is applied, at the center, and at the tail where the discharge sump is
located. (See "Physical Characteristics of Fields" section.) At each of
these areas, samples at 3 and 6 fr below the surface were collected at three
points: (1) adjacent to the subsurface drain, (2) at the midpoint between the

subsurface drains, and (3) midway between the midpoint and the subsurface

drain (that is, one-fourth the distance between the drains). The sumps from

these 15 fields also were sampled monthly for the investigation of time-series

variation in concentractions of selected constituents.
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Figure 9. Subsurface-drainwater and surface-water sampling sites in the study

area.
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From the 15 soil-sample sites. J sites were selected for installation of

mulciple-depch wells and lysimeters to discern regional patterns in ground

water. Geographic representation was the main criterion used for selection of

~hese three sites. A site was selected in each of the northern, middle, and

southern parts of the Imperial Valley. Sites are designated by the IID sump

that drains the field. Because IID owns and maintains access roads to fields

and sumps in the Imperial Valley, the wells and lysimeters were installed

adjacent to these roads. This limited ground-water investigation, which was

not part of the original Department of the Interior investigation, was
performed in cooperation with the California Regional Water Quality Control

Board, Region VII, which has jurisdiction over the Coachella and Imperial

Valleys.

The northern well and lysimeter site, $-417 (at site 8 in fig. 9), is
about & mi east of the Salton Sea in an area where geothermal development is

prevalent. The downgradient cormer of the field, near the outlet sump, was

selecred for the well installation. Several problems were encountered in

locating the wells and lysimecers. The first was insufficient space for the

drill rig and tender on the south side of the drainage ditch. Because of this

limitation, the wells were placed on the north side of the dicch. Water

quality in these wells is influenced by connate water, water from the field,
and also by water in the drainage ditch and by water in commercizl fish ponds

(filled with Colorade River water) near the wells. Because no drilling mud

was needed for lysimeter holes, the lysimeters were placed on the south side
of the drainage ditch, as close to the tail of the field as possible without

interfering with farming operations. The sump for this field 1s located on

the east side of the field, with the subsurface drainpipes to the sump going

unider the ditch,
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The middle well and lysimeter site, S$-154 (acv site 50 in fig. 9), is
northeast of El Centro in an area that once (through the early 1900's) was

Mesquite Lake., The lysimeters were located adjacent to sump 134 in che

southwest corner of the field. Again, because of space limitations and

access, the wells were located south of the sump on the other side of an eastc-

to-west drainage ditch. Another ditech, oriented in a north-te-south

direction, is immediately west of the field. Water quality in the lysimeters

is influenced primarily by the field and the drainage ditch. The wells are

influenced by the field, the drainage ditch, and also by fish farms located

east of the north-to-south ditch.

The southern well and lysimeter site, S$-371 {(at site 98 in fig. 9), is

southeast of El Centro. The lysimeters were located adjacent to sump S-371 in

the norrheast corner aof the field. East of the field is a drainage dirtch,

oriented north-to-south, te which the sump discharges. The wells were located

across from the sump east of the drainage ditch in an area between the ditch
and an irrigation camal. During drilling of the lysimeter holes, the sides of
the holes kept caving in because of the coarseness of the soil and a high
water table. Because the lysimeters are at the downgradient corner of the
field, water-quality samples collected from the lysimeters are influenced by
railwater runoff as well as by subsurface drainage from the field. Water

quality in the wells is influenced by the fields, but also by the drainage

ditch and the canal.
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Site selection for the Alamo River delta sampling was made in the field.
Beginning in the Alamo River st Garst Road, immediately upstream of the Salton
Sea, measurements of specific conductance and other field constituents and
properties initially were made about every 300 ft. Sites were located on a
USGS quadrangle map using Loran C coordinates, the topography of the
surrounding land, and prominent local features. Measurements and sampling
were performed at inereasingly shorter intervals near the mouth of the Alamo
River. Sample and measurement sites also were selected to determine any areal
distribution of selenium in the bottom sediments and associated changes in the

water column as indicaced by density, thermal, or oxygen stravificatien.
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Biological

The biclogical sampling sites were selected to amswer each specific
objective (see "Purpose and Scope” section) of the study. Because these
objectives were varied and because samples such as waterfowl are difficult to
collect at one location, a total of 40 sites were sampled during 1988-90
(table 2). These sampling sites include chree major habitats and generally
can be divided into three categories: (1) the Salton Sea (both open-water and
near-shore saltwarter habitat), (2) agricultural drains and rivers affected by

drains (freshwater habitac), and (3) creeks not affected by drains (freshwacer

nabitatc).

Sampling sites for marine algae (fig. 10.) were selected to be uniformly
distributed around the Salton Sea to determine if any locations in the sea had

significantly higher bicaccumulation of selected drainwater contaminancs.

[,
FIGURE\Y  cattails were sampled at five freshwater sites (fig. 10) to determine if

near here

i —— el "

bicaccumulation in vegetation was different between drains and natural creeks.

Aquatic invertebrates from the south end of Salton Sea were collecred at
several locations, particularly in the deltas of major draims and rivers (fig.
10). These psuedoestuarine (delta) sites are very significant feeding or
foraging areas for many species of birds. Sampling sites for indigencus
Asiatic River clims (fig. 10) were selected, subject to availability, in five
drains around th.. Salton Sea, to determine any biocaccumulation differences
between drains. One other invertebrate, the crayfish, was collected near the
mouths of the New and Alamo Rivers to assess any differences in

bicaccumulation between these two rivers.
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Figure 10. Biological sampling sites in the study area.
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Two species of small forage fish, mosquitofish and sailfin molly, were

collected at five sites (fig. 10) to determine differences in bioaccumulation

between drains and natural creeks in the Salton Sea area. One composite

mudsucker sample was taken at the Alamo River delta to supplement food chain

bicaccumulation data Ffor the Salton Sea. Bairdiella, a larger forage fish,

were opportunistically sampled at the edge of the Salton Sea near Unit I of

the Salton Sea NWR (fig. 10). These fish were sampled because chey are

important in the food chain and are consumed by piscivorous birds throughour

the Salton Sea.

Bullfrogs were sampled only from the Alamo River because of limited

availability at other sites. Because their carnivorous food habits puc them

in a high trophic level, determination of contaminant concentratiens in

bullfrogs will provide a better understanding of biocaccumulation through one

of the freshwater food chains. Spiny softshell turtles were collecred at two

drain sites (fig. 10) to assess the validity of turtles as indicators of

contaminant biocaccumulation. This turtle is high in the food chain and is a

resident in many of the drains.
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Although sample site selection for birds (fig. 10) was based on the

specific objective being addressed, bird availsbility was a more realistic

criterion. Since most birds are highly meobile and can feed in many different

locations and habitats, particular sample sites do not necessarily reflect

iocal contaminant conditions., This statement applies to an even greater

degree to migratory birds. To overcome these problems, samples of ruddy ducks

were collected from the south end of the Salten Sea on their arrival in cthe
autumn, again in the winter and finally in early spring prieor to their

departure from the sea. In this manner bicaccumulation rates for selected

drainwater contaminants can be determined for migratery birds wintering at

Salton Sea.

Sampling resident birds (fig. 10), including the Yuma clapper rail,
black-necked stilt, and American coot, can provide more information on local
drainwater contaminant conditions than can the sampling of migratory wintering
birds. This is particularly true for the endangered Yuma clapper rail. (A
specimen was salvaged from Wister Wildlife Management Area (WMA).) Because

rails have limited home ranges and usually are not migratory, chey are likely

ro reflect local drainwater contaminant concentratcions.

Black-necked stilt eggs, juveniles, and adults were sampled extensively
throughout the southern part of the Salton Sea and the Imperial Valley.
Although most stilts are residents at Salton Sea, during fall and winter some

likely are migrants from more northerly areas. This possible migractory

pattern makes it difficult to correlate contaminant body burdens in stilts

with the area in which they were collected. However, because most of the

stilts are resident at Salton Sea, body burdens probably reflect drainwacer

contaminant cenditions in both the sea and adjacent Imperial Valley.

65



PRELIMINARY SUBJECT 0 REVISION June 24, 1691

The American ccot in the Imperial Valley feeds mostly in freshwacter
impoundments not usually affected by drainwater; therefore, only one site,
Vail 2B drain, was selected for sampling coots. In other areas, such as

Kesterson NWR, chese resident, mostly herbivorous, birds have served as

excellent biomonitors of effeccs from drainwater contaminants. Coots in the

Imperial Valley (Vail 2B drain), because of their association primarily with

freshwater, are not expected do show contaminanc burdens.
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Sampling Merhods

Water and Bottom Sedimencs

Samples for subsurface drainwater were collected from Imperial
Irrigation District (IID) sumps throughout the Imperial Valley. The sump pump
was manually activated, and the sample was collected in a churn splicrer from
the oucflow pipe to the drainage ditch. Discharge was calculated using the
rise in the float stick per unit time and the diameter of the sump (90 in.).
For the May 1988 sampling, 106 sumps were sampled throughout the Imperial
Valley. Sites were divided into two categories to limit laboratery cose,
Sample schedule A included analyses and (or) measurements for specific
conductance, temperature, pH, alkalinitcy, chloride, and selenium. Sample
schedule B included the above plus analysis for tritium, hydrogen and oxygen

stable isotopes, boron, arsenic, nitrogen (ammonia and nitrite plus nitrate),

major ions, iron, manganese, and molybdenum.
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Monthly water samples were collected during the 1989 water year from six
surface-water sites: New River at inrernational boundary at Calexico, New

River at outlert to the Salton Sea, Alamo River ar international boundary,

Alamo River at outlet to the Salton Sea, Trifolium Drain 1, and the East
Highline Canal. The monthly samples included analyses and (or) measurements
for specific conductance, temperature, pH, alkalinity, dissolved seleniunm,
dissolved solids, chloride, boron, dissolved nitrogen (ammonia as N and
nitrite plus nitrate as N), iron, bromide, and major dissolved loms.
Quarcterly samples included the above plus dissolved and total ctrace elements

(selenium, arsenic, iron, manganese, molybdenum) and digsolved aluminum. In

addition, periocdic samples were collecred to determine hydrogen and oxygen

stable-isotope raties. tMonthly dissolved samples were collected at the

centroid of flow., Quarterly samples were collecred with eicher a DH-48 or DH-

59 sampler using the equal-discharge-increment method and composited in a

churn splitter.

Monthly and quarterly samples also were collected from 15 sumps

throughout the Imperial Valley, a subser of the 106 sumps sampled during May

1988. In a manner similar to that of the May 1988 sampling, subsurtace
drainwater was collected from the sumas by manually activating che float

switech and obtaining the water from the outflow pipe to the drainage dicch.
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Shallew ground-water samples were collected at three sirtes in che

Imperial Valley, a further subset of the 15 fields sampled monthly. Samples

were coliected from both shallow lysimeters and from mulciple-depth wells for
analysis of specific conductance, temperature, pH, alkalinivy, dissolved
solids, major dissolved ions, dissolved nitrogen (ammonia and nitrite plus

nitrate), selenium, boron, arsenic, iron, manganese, molybdenum, strontium,

aluminum, lithium, bromide, tritium, and hydrogen and oxygen isotopes. A few

select samples were collected for analysis of C-13/C-12 ratie, N-15/N-14

ratio, and S-34/5-32 ratio, along with percent of carbom i4. The lysimecters

were sampled by first setting a vacuum and then, several weeks later, applying

nitrogen gas to pump out the lysimeter cup for the water sample. The sample

was collected from the lysimeter through the teflon tubes. Water at 75 and

199 ft at the northern site, S-417, is arvesian and the sample was collected

from the flowing well. At the remainder of the wells, water samples were

collecred using a Bennet pump after evacuating three well-casing volumes.
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Yarer in and near the delta of the Alamo River was sampled three times.
Where depth permitted, samples were collected using a modified Van Dorn
sampler,

Several of the sites in the embayments on the southern end of the

Salton Sea were less than 1.0 ft deep, prevencing the use of the sampler. Ac

rthose sites, sample water was collected using a wide-mouthed glass bottle,
Bottom-sediment samples were collected using eicher an Ekman Dredge or a
piston corer. All samples were collected from an airboat furnished by Salton
Sea NWR personnel. Water samples were collected for analysis of dissclved
selenium, arsenic, boron, and isotopes of hydrogen and oxygen. Field
measurements were made for specific conductance, temperature, pH, and
dissolved oxygen councentration., These measurements were made using a multi-

parameter unit that was calibrated each day in the field and checked against

sctandards at the end of the day. After che August 1988 sampling ctrip,

subsequent field measurements for dissolved oxygen concentration and percent

saturation were made using an oximeter with an internal microprosser and

salinity compensation. A salinity-correction facror was applied to earlier

oxygen readings in calcularing the oxygen saturation.
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Biclogical

Samples of biota were collecred from 40 sites (fig. 10) representing
subsurface drainwatey, ditches, rivers, creeks, impoundments (collectively
termed river/drain sites), and the Salton Sea to determine the extent and
impact of irrigation drainwarer on biota inhabiting the Salton Sea and
surrounding habitats (table 2). Samples of biota representing varying trophic
levels included vegetation, aquatic invertebrates, fish, amphibians, repriles,
and birds. Table 3 lists the species collected and sample types submitted for
contaminant analyses during the 3-year detailed investigation. The occurrence
of a particular species at any given site was highly variable because sites

presented different habitats. Samples were collected, processed, stored, and

later shipped in accordance with instructions provided in U.S5. Fish and

Wildlife Service (1984,1990).
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Jegetation was collected Irom agricultural drainage dicches znd from che

Salton Sea shorelines with roecky substrate at locations surrounding the Salton

Sea. Periphyton was collected and submitted as one composite sample  Algae

ware collected by hand from rocks or wood piers at the shoreline. Samples of

2 filamentous green alga (Enceromorpna sp.) and a benthic blue-green alga were
collecred from l4 sites at various shoreline locacious around the Salton Sea.
Algae, which are primary producers and form che base of most food chains,

represent one of the lower trophic levels where initial biocaccumulation of

some drainwater concaminants occurs. The species of algae that were collected

are incidentally eaten by water birds. Cattail was rhe only emergent aquatic

plant collected as part of the detailed investigaction. The roots of this

plant are urilized for food by several species of waterfowl. All plant

samples were washed of excess mud and debris at the collection site and

rewashed prior to being bagged in polyethylene bags and frozen.

Aquatic invertebrate collections included crayfish, waterboatmen,
amphipods, pileworms, and Asiatic river clams. Aquatic invertebractes compose
most of the diet of shorebirds and several other waterbirds ucilizing the
Salton Sea. Pileworms were collected by screening sedimencs through fine-mesh

screens, and waterboatmen and amphipods were collected using lighted activicy

traps. Im 1989, waterboatmen, amphipods, and pileworms were composited as one

sample, representing a typical shorebird diet. Crayfish were collected from

river/drain sites using small seines, composited whole, and put in chemically

clean jars. Asiatic river clams were collecrted from river/drain sites by hand

and by screening sediment through a sieve.
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in an effort to determine potential bioconcentration of irrigation

drainwater contaminants by invertebrates at river snd drain sites, clams

collected from the Colorade River near Palo Verde. California. were

transplanted to the Alamo River, lMew River, and Irifolium Drain. The
collection areas were side channels of the Colorado River, where water qualicy

is similar to that of water entering the All American Canal before it is

influenced by irrigation tailwater and subsurface drainwater. Clams were

hand-picked from bottom sediment and transported in aerated containers to the

Saleton Sea NWR. An equal number of clams {nw100) then were put into three

plastic-mesh cages approximately 2 ft x 2 ft x 4 fr in size. One cage was

placed and securely anchored (at each site) in the Alamo River, New River, and

Trifolium drain. Subsamples from each site were collected and analvzed

approximately 1 month, 2 months, 4 months, and 15 monchs after initially being

placed at the sites. The clam subsamples were shucked and the soft body

tissue was submicted for analyses. All aquatic invertebrate samples were

placed in chemically clean jars immediately following collection, frozen, and

shipped on dry ice vo analytical laborateries.

Four species of fish (mosquitofish, sailfin molly, loengjaw mudsucker,
and bairdiella) were collected using long-handled dip nets or small seines.

Mosquitofish and sailfin mollies were collected in 1988 and 1990 from rivers,

creeks, and drains. Longjaw mudsuckers were collected in 1989 from the Salcon

Sea. Bairdiella were collected in 1989 afrer they washed onte the Salton Sea

shere near Unit 1 of the Salton Sea NWR. Fer small fish, a minimum of 10 fish

or 25 grams of whole fish was composited as a sample and frozen in chemically

clean jars. The larger bairdiella were wrapped in aluminum foil snd placed in

polyechylene bags and then frozen.

%
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Two bullfrogs were collected from the Alamo River, and six sorfushell

curtles were collecred from two drains on the Salton Sea NWR. Bullfrogs were

speared, and the carcasses were wrapped in aluminum foil and frozen in

polyethylene bags. Sofrshell turtles were trapped in hoop necs baited with

commercially prepared tuna. Samples of fat (for organic analyses) and liver

Y

rissue {for inorganic analyses) were dissected from the turtles and frozen in

chemically clean jars. A sample of turtle eggs also was collecred from one

female for organic analysis.

Several species of water birds, including ruddy duck, northern shoveler,
black-necked stilc, American coot, eared grebe, and white-faced ibis were

collected using shotguns and steel shot. These species represenc various

feeding strategies and higher ctrophic levels. Livers and breast-muscle tissue

of these species were taken from the carcasses and submitted for inorganic and

organic analyses. Carcasses of only black-necked stilts also were submicted

for inorganic analyses. Eggs from black-necked stilts nesting st Salton Sea

also were collected from many locations for contaminanct analysis. The
contents of each egg were harvested, placed in a chemically clean jar, and
frozen.

One Yuma clapper rail, a federally endangered species, was salvaged

from the nearby Wister Wildlife Management Area (WMA) and submitred for

inorganic analyses.
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Water and Sedimenc

All water samples for major ions and trace elements were analyzed by the
USGS Natiomal Water Quality laboratvory in Arvada, Colorado, using methods

specified by Fishman and Friedman (1983). Concentrations of trace elements in

bottom-sediment samples were determined by the USGS Geologic Division's

analytical Facility in Denver, Colorado. HMost elements were analyzed by

inductively coupled argon-plasma atomic-emission spectrometry following

complete mineral digestion with strong acids. Arsenic and selenium were

analyzed by hydride-generation atomic absorption, mercury by cold-vapor atomic

absorprion spectrometry, and boron was analyzed on the hot-water extract.

Water samples for hydrogen and oxygen isotopes, and for tritium

concentration, were analyzed by the USGS Isotope Fractionation Project

Laboratory in Reston, Virginia. Hydrogen-isotope-ratio analyses were done by

the zinc hydrogen-gas generation technique (Kendall and Coplen, 1983).
Results are reported in § as the deviation in parts per thousand (permil) of

the isotope ratic in the sample from the isotope ratioc in Vienna Standard Mean

Ocean Water (VSMOW). Oxygen-isotope-ratio analyses were done by z CO,-

equilibration technique (Eqstein and Mayeda, 1933} that yields activities

rather than concentrations. Tritium analyses were done by liquid-

scintillation counting of electrolytically concencrated samples.
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Monthly water samples collected from the East Highline Canali (Colorado
River water) had selenium concentrations of about 2 pg/L and chloride
concentrations of 100 mg/L. For selenium,

the measured concentrations are

close to the detection limit of 1 pg/L. In order to more accurately determine

the selenium concencration, as well as the Se/Cl ratio in irrigation water,
water samples from the East Highline Canal (downstream of the diversion from
che All American Canal) were concentrated in the laboratory by evaporation
from large open-top glass chromatography jars. The water was scirred
throughout evaporation using a magnetic stirrer. About one month of

evaporation at 30-35 oC was required Co reduce water volumes nearly 99 percent

{about 100-fold concentration).

Evaporations were carried out in two ways: using untreated water and

using water acidified to pH approximately 3 by addivion of nitric acid before

evaporation began. Low pH was maintained in the acid-treated samples to

prevent formation of calcium carbonate, which began to appear in the untreated

water soon after evaporation started. Large amounts of calcium sulface were

formed during the evaporation of both the acidified and untreared waters.
There is evidence of slight selenium incorporation into the solid phases. The
evidence is based on analyses of the calcium carbonate itself and on slightly
lower Se/Cl raties in untreated samples in comparison with acidified

evaporated samples. Unevaporated and acidified evaporated waters have nearly

the same Se/Cl ratios.
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rfores were ccllected in PVC tubes from the anlamo River delca and in the
drainage ditch across from sump $-417 by phvsically pushing the zubes into the

sediment. The cores were vertically extruded in 2-c¢cm segments and placed in

el

I\

M.-pressurized squeezer that expressed the pore waters through a 0 .45-um

sterile filter directly into collection syringes.

Pore waters from the core samples were analyzed for sulfate and chloride

according to methods described in Oremland and others, 1990. Sulfide was

determined calorimetrically afrer fixing with zinc acetate according to

methods described bv Cline, 1969. Nitrare was determined by autcanalvzer

(Oremland and others. 1990), iron and arsenic by graphite-furnace acomic
absorption spectrometry (Slavin an others, 1983; Schlemmer and Welz, 1986),
and selenite by flow-through hydride-generation atomic absorption spectrometry
(Oremland and others, 1990). Total-sediment arsenic and selenium were
decermined on borh unseived and less than 60-micron fractions from core
intervals according to methods specified by Elrick and Horowitz, 1985. The
less than 60-micron fraction (after freeze-drying) also was subjecred to a 1M
H01 microwave extraction te determine "leachable" arsenic and selenium as

described by Broock and Moore, 1988.
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Biclogical

The biotic samples were chemically analyzed at several laboratories
under contracts administered through the USFWS Patuxent analytical Control
Facility (PACF), Laurel, Maryland. The specific laboratories, types of

analyses performed, year(s) analyses were performed, and sample medium

Eﬁiﬁ;f;““analyzed are summarized in table 4. Several trace elements were analyzed

using an inductively coupled plasma scan, and arsenic and selenium were
analyzed by atomic absorption spectrometry (AA) using hydride generation;

mercury was analyzed using the AA cold-vapor technique. Organcchlorine

pesticide and Arochlor (PCB) concentrations were determined by solvent
extractions and analysis using gas chromatography. The highest acceptable

limit of detection for each analyte discussed in this report is given in table

TABLE nSeems

. Although variations in these analytical techniques (for example, internal
nesr nere

standards) existed, basic quality-assurance procedures established by the PACF

were used by all laboractories in this investigation. The PACF is responsible

for assuring the quality of the chemical analyses it provides through its in-

house laboratory as well as monitoring the quality assurance of each contract

laboratery. The quality assurance is implemented through a series of qualirty

control and quality-assessment techniques. Quality-contrel technigues include

procedural blanks, duplicate samples, spiked samples, and checks with

reference material, Acceptable precision percentages, determined from

duplicate samples, and acceptable accuracy percentages, decermined from spiked

TABLE amples, are given in table 6. Quality-assessmenc procedures include
pear here

e —————

erosscheck analysis in which samples are reanalyzed and round raobins in which

211 laboratories analyze a portion of the same sampie and PACF gvaluares the

results. A crosscheck was applied to chis investigation on a subsample of

1989 organochlorine data. The PACF reanalyzed samples that inicially had been
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e

eql
analyzed by a contract lzboratory. Some differences in values were identified
and reanalysis bv the contracting laboratory was dome. In accordance with

current guidelines, the PACF has found all data in tchis investigation to be of

seceptable accuracy and precision.
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ARFAL DISTRIBUTION OF SELECTED CONSTITUENTS

During May 1986 the California Regional Water Quality Control Board
{Regienal Board) collected water sampies from 119 sumps draining Cields in the
lmperial Valley to determine cthe concenctration of selected constituents,
including selenium, boron, and dissolved solids. In May 1988, che USGS

sampled as many of these same 119 sumps as could be located to determine

concentrations of an augmented list of constituents from those collected by

the Regional Beoard. To determine the comparability of the two data sets,

celenium concentrarions from the May 1988 sampling were compared to
concentrarions from the May 1986 sampling. The two periods were significancly

FIGORE_ W
ﬂg’ﬁﬁ?’” correlated (r?=0.785, o <0.01) (fig. 11). Wich a slope of 0.966, che
near nere___
regression model indicates that the majority of selenium concentrations in

sumps changed very little over two years. In general, for those sumps having

high concentrations of selenium in 1986, concentrations alsoc were high in
1988, and low concentrations remained low. This lack of change in

concentracion would seem to indicate that the processes controlling selenium

concentrations in subsurface drainwacter are fairly uniform over long periods

of time.
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Figure 11. Regression plot of 1988 and 1986 selenium concentration in

cubsurface-drainwater samples collected in the Imperial Valley.
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The locations of sites sampled during May 1986 and May L988 are

shown in
figure 9. Selenium concentrations for 106 USGS samples ranged from 3 to 300
wg/L, with a median concentration of 24 upg/L. The standard deviation (nen-

normal distribution) was 58. The areal digtriburion of the selenium
concentrations (USGS samples) shown in figure 12 does not seem To indicacte any
strongly discernible regional patterm. An area of high selenium concentration
(greacer tham 100 pg/l ) is locared southeast of the Salton Sea NUWR. lLand-
surface elevations are lowest in the Imperial Valley, aside from those areas
inundated by the Salton Sea. Other areas of elevated levels of selenium in

subsurface drainwater, however, are spread throughout the Imperial Valley,

hoth along the main topographic axis of the valley and on the periphery.
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Figure 12. Areal distribution of selenium conecentration in subsurface-

drainwater samples collecred in the Imperial Valley, May 1988.
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Specific conductance presents a pattern similar te that of selenium.

The relacion between specific conductance and selenium is 100 x r*=77 .3, a

<0.01. Specific conductance is affected by ionic mebility, which varies with

ionic concentration and the chemical composition of trhe water. The relation

between selenium and dissolved solids is 100 x r® = 70.4 (Regional Water

Quality Control Board, written commun., 1986). Both specific conductance and

dissolved solids show a distribution similar to that of selenium, wich che

exception of the area bordering the southern end of the Salton Sea. Specific

conductance is referred to for the 1988 data because dissolved-solids

concentration was determined on a more 1imited number of sites. As shown in

ﬁﬁﬁﬁg“"“' figure 13, specific conductance at site & (IID sump $-38) was 38,200 uS/cm,
near here

AL LILL- L

and selenium concentration was only 13 ug/L. AL site 15 (IID sump §-11),

specific conductance was 33,800 uS, and selenium was 3 pg/L. Both of these

sites had high chloxide concencrations: 14,000 and 11,000 mg/L, respectively.
It seems that the high dissolved-solids content of the sumps draining these

rwo fields is strongly influenced by the water from the Salton Sea (chloride

14,000 mg/L), more so than by processes occurring within the field. The

reducing environment present along the southern boundary of the Salton Sea
also could be exerting an influence on the chemisctry of these fields; both
sites had elevated ammonia concentrations (3.2 and 10 mg/L, respectively)},

and

the reducing conditions could affect the solubility of selenium. This effect

will be discussed later in more detail.
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Figure 13. Areal distribucion of dissclved-solids concentration in

subsurface-drainwater samples collected in the Imperial Valley, May 1988.
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SRELININARY SUBJECT TO REVISION

TEMPORAL VARIATION IN CONCENTRATION OF SELECTED CONSTITUERTS

Monthly subsurface drainwater samples were collected during the peried
sugust 1988 to Augusct 1989 from 13 fields (previously idenctified) co determine

the temporal variation in constituent concentrations. Addicionally, results

from the May 1988 samples were compared with the monchly monitoring dara to

evaluate whether the May samples are representative for the period. Temporal

variations in selenium concentration during the sampling periocd are shown for

all 15 fields in figure 14.

Comparison of May 1988 selenium concentrations at each of the 15 sices
with the mean concentrations of the monthly samples indicates that May samples

at most of the sites are reasonably representative of the general water

quality at each site. The selenium data for the 15 sites, including standard

deviarion and also selenium load in pounds per year, are summarized in cable

7 The load values are rough estimates calculated by adding the monthly

celenium concentrations times discharges; nevertheless, these load estimates

orovide an indicarion of the amount of selenium contributed by each field.

The data also show that the volume of flow from the sump is the major variable

infiuencing selenium loading. Whereas the range of selenium concentration in

samples of subsurface drainwater was one order of magnitude, the range in
volume of subsurface drainflow was three orders of magnitude. Overall, the

highest loads occurred only during high discharges.
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Figure 14. Temporal variation in concentrations cf selected comstituents in
subsurface-drainwater samples collected from 15 fields in the Imperial Valley,

August 1988-August 1984
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Although most of the tay seleniunm concentrations seem to be
representative of the average concentration, several sites had large variances
between the May 1988 sample and the monthly mean. At 1l of the 13 sices, the
May selenium concentration fell wicthin one standard deviation of the monthly
mean. At the four ocher sites, $-423, §-417, S-4, and §-352, the May selenium
concentration fell just outside cne standarc¢ deviation of the mezan. None.
however, was sufficiently outside the rTange as Lo change the ranking of the
gite from one with low concentration to one with high concentration or vice
versa. Se/Cl ratios that were calculated from the monthly samples also
indicate that May samples are representative of irrigation drainage at the 153
sites. Table 7 gives the average Se/Cl ratio for the monthly samples as well
as the values for the May 1988 sample. The Se/Cl ractios for the May 1988
samples from sites $-154 and §-142 (0.003 and 0.073) vary the most from the
average of the monthly values. The very low Se/Cl ratio at $-154 might
indicate the presence of reducing conditions that are removing selenium from
the water. No discharge into sump S-142 was observed at any time during the

year-long sampling peried. Because no flow was observed, this site is not

typical of actively irrigated fields in the Imperial Valley.
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The relation berween selenium and chloride concentrations was

demonstrated and discussed previously in this report. Similar evaluacion of

monthly samples from the 15 fields is summarized in table 7. Regression

snalvsis of selenium against chloride was done to derermine if conclusions

drawn from the May 1988 valleywide sampling hold true for the monthly

sampling. The average of the monthly regressions is 64 percent, indicating

that selenium concentration varies directly with chloride concentration. Data

from the monthly regressions show that for 7 of the 15 sites, the 100 x r?

value is greater than 80. Coupled with the previous discussion of the May

1988 sampling, these data demonstrate that the relation between selenium and

chloride is not affected by seasonal variations. Four of the 13 sites have

100 x r? values between S50 and 80, also indicating that similar processes

controel both selenium and chloride. The remaining sites deo neot demonstrate

any correlation between these two constituents. Site S5-142 has a 100 x r?

value of only 1.9, @ = 0.63. However, as mentioned above, no discharge inte

this sump was observed. Selenium concentrations at $-142 ranged from 11 te 17

pg/L, but in no apparent pattern. Hydrogen-isotope ratios for November 13,

1988, and Mareh 15, 1989, indicate that evaporation was occurring (&D

increased from -99 to -82 permil). Alrhough a concurrent increase in

dissolved-solids concentration was detected, the pattern does not parallel

that of §D. Also, there is no pattern of increasing selenium concentration

during this period. Concentrations of major ions indicate that water entering

the sump during the period between the March 15 and April 10, 1989, samplings
was lower in dissolved-solids concentration. Possibly,

this water was from

precipitation and (or) surface runoff from a rain.
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Regression of selenium against chloride at site 5-265 had & 100 x v~ of
less than 1, indicating no correlation between these two constituencs.
Selenium concentrations at this sice were moderacely high, ranging from 30 to
99 upsL for the monthly samples. The average Se/Cl ratio at this site of
0.036 is greater than the average ratio for the 15 sictes, 0.025, and greacer
than the ratio for the May 1988 sampling, 0.02. The August 1989 sample had
one of the highest observed ratios, 0.06, possibly indicating a selenium
source. This site also had the highest subsurface-drainwater discharges,

along with the highest selenium locad, of rhe 15 sites.

Water from site 5-269 also had a poor correlation between selenium and

chloride, as demonstrated by a 100 X rf value of 3 {(cable 7). Selenium

concentrations at this site were high, ranging from 180 to 360 upg/L. Again,
this site is atypical of fields in the Imperial Valley in rhat concentrations
of selenium do not parallel those of chloride and that several Se/Cl ratios
ware high, 0.45 and 0.56 for samples in November and April 1988 and 1989,

respectively. Subsurface drain flow at this site, 1.16 fri/s, was among the

highest observed in the August 1989 sampling. aAlthough the remaining flows
were average in comparison with the other sites, ranging from O to 0.079
fri/s, this (August 1989) high flow coupled with the high selenium

concentration, 240 pg/L, produced the second highest selenium loading of the

15 sites, 54.6 lb/yr.
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At site §-226, the selenium to chloride regression for subsurfzce
drainwater samples vielded a 100 x r* value of 28. a =0.05. Chloride
concentrations at this site are notable in that the highest subsurface
drainwater concentrazion of the scudy, 19,000 mg/L, was dertected in the August
23, 1988, sample.

The corresponding selenium concentration was 280 pg/L.

This site, along with S§-226, had the highest selenium concentrations of the

study.
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Although the above sites seem to indicate a selenium source, subsurface
drainwacer from site S-134 had the lowest Se/Cl ratio of the 15 sices, 0.0033.
All the monthly ractios at this site were an order-of-magnitude less than the
overall average for the 15 sites. Selenium concentrations atr this site were
in the lower range, 2-29 pg/L. The selenium load at this site also was the
lowest of the 15 sites, 0.4 lb/yr--even though evaporative concentration of
applied warer is occurring, as evidenced by an average chloride concentration
of 6,400 mg/L and a 60 of -10.9 permil, in comparison with 90 mg/L and -13
permil, respectively, for water in the East Highline Canal. The field drained
by this sump is in an old lakebed (Mesquite Lake), and the field reporcedly is
difficult to farm: as a result, irrigation has been applied repeatedly to
leach the accumulated salts from che soils (B.S. Baharie, USGS, oral commun.,
1989) . In comparison, water from lysimeters located adjacent to the sump had
dissolved-solids and selenium concentratioms that were significantly higher
than those detected in subsurface drainwater collected from the sump. For
example, the dissolved-solids concentration for water in the lysimeter at 5 ft
was 49,000 mg/L, with a selenium concentration of 120 pg/L, éD and 5§80 of

.75.5 and -7.85 permil, and nitrate-as-N concentration of 110 mg/L.

Insufficient water was collected for tritium analysis., Water from the

lysimeter at 10 ft had a tritium concentration of less than 0.1 TU, indicating

water of pre-1952 origin. The water from the sump draining the field had an

average tritium concentration for three samples of 36 TU's, a little higher
than applied irrigation water, along with concentrations of selenium,

dissolved solids, and nitrate of 19 pg/L, 12,700 mg/L, and 5.8 mg/L,

respectively. Although Se/Cl ratios gemerally were not calculated for ground-

water samples, the 3¢/Cl ratio for water in the lysimeter at 5 fr was 0.0043,
This ratio is within the range for subsurface drainwater ac this sitce (Se/Cl

ratio of 0.003 * 0.001), even though dissolved-solids concentrations differ

92



PRELIMINARY SUBJECT TO REVISIQON June 24, 1991

greatly. Because the area occupies a lakebed. conditions similar to cthose
found in the Salton Sea might have existed in the past. Under these
conditions, selenium could be removed from the water by bacteria and be
deposited in the elemental form (Oremland, 1989). If this selenium either
entered the biota or remained in the elemental form, it effectively was
removed from the system. Mineral salts also could have been deposited during
evaporation of this lake. Leaching of these salts, as the field was brought

under irrigation, likely accounts for the high chloride content detected

during sampling, both within the field and on its periphery.
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Figure 14 shows monthly selenium and subsurface drain flow for cthe 13
sites.

These graphs illustrate how selenium concentration is influenced by

subsurface drain flow. When drain flow increases, selenium decreases, and as
drain flow decreases, selenium increases. Usually, any such lncreases or
decreases in drainflow are reflected by a concurrent but opposite change in
selenium concentration. For some months, such as March through August, the

response of concentration to discharge (site 5-423, for example} appears to be

lagging. Timing of reactioms and (or) adsorption may be reasons for this lag.

Monthly water samples at selected surface-wacer sites were collecred
during October 1987 to August 1988 to determine the time-series variation in
constituent concentratieons. Coupled with water discharge, this informacion
can be useful in providing an estimate of constituent loading to the Salton
Sea. The median selenium concentration in the Alamo River at the outlet to

iNﬂE % .. the Salton Sea was 8 ug/L (table 8). This concenctration at a flow 600,300
neas here

mimi—————————

acre-ft for the 1989 water year gives a load of 6.5 tons of selenium. The New
River at its outlet to the Salton Sea delivered 2.5 toms of selenium in the
1589 water year, 2.0 tons of which was contributed by irrigated agriculture in
the Imperial Valley. Salt loading to the sea also 1s substantial. The

combined load of the New and Alamo Rivers is 3.6 million tons of szlt for the

1989 water year. This load, coupled with an evaporation rate of 5.6 ft/yr in

the Salton Sea (Hely and others, 1966), results in increasing salinity levels

in the Salton Sea.
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Selenium concentration in the Alamo River at the outlet to the sea is
fairly constant. The standard deviation of 2.1 ug/L includes results from an
april sample in which total selenium concentration was 2 pg/l. (a probable
outlier). A concurrent sample for dissolved selenium had a concentration of 8
pg/l.. Flow in the Alamo River, effectively, is an average of the irrigatvion
drainage from the Imperial Valley and varies seasonally with irrigation and

iaﬁﬁg“g“ with infrequent tropical storms (fig. 15). Water quality in the New River at
gat here

e ——————HL—

its outlet te the sea is strongly influenced by the quality of water crossing
the international boundary at Calexico, where median selenium concentration
was 2 pg/L. Water cressing the international boundary constitutes aboutr 40
percent of the total flow in the New River at its outlet to the Salton Sea.
Consequently, selenium concentrations in the outflowing water from the New
River are lower than in water from the Alamo River (about 50 percent).
Colorado River water used for irrigated agriculture in the Imperial Valley has
a median selenium concentration (for monthly samples collected during the 1989

water year) of 2 pg/L, with a standard deviation of 0.3.

95



PRELIMINARY SUBJECT TO REVISION June 24, 1991

Figure 15. Mean daily discharge in the Alamo River near Niland and the New

River near Westmorland, water year 1989.
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Elemental ratios in monthly water samples collected from the major
rivers also were examined to determine the presence of sources or sinks of
selected constituents within the agricultural system of the Imperial Valley.
During the analysis of subsurface drainwater, Se/Cl ratios were evaluated to
determine sources and (or) sinks of selenium. These ratios also can be used

in the rivers to determine losses or gains of selenium. Water in the East

Highline Canal had a median Se/Cl (x 1,000) ratio of 0.022 (rable 8).
Representing the cumulative mixing of subsurface drainwater, the Alamo River
is the best available indicator of the effects of irrigated agriculture on

water quzlity in the Imperial Valley. The median Se/Cl racic in the Alamo

River at the ourler to the Saicton Sea was (0.017. These two ratios, 0.022

+0.0035 and 0.17 *#0.0026, are statistically different (Kruskal-Wall Test

Statistic = 14.026% chi-square distribution value is 3.84, o = 0.053). The

ratics indicate a small loss (about 20 percent) of selenium in comparison

with chloride. In general selenium in most of the Imperial Valley, as

indicated by the Se/Cl ratio of input versus output water, behaves fairly

conservatively even as it is transported to the Salton Sea. Even a

generalized comparison shows that both selenium and dissolved solids increase
by a factor of about four from the East Highline Canal to the Alamo River at

the outlet to the Salton Sea (2 to 8 pg/L and 686 to 2,670 mg/L,

respectively). The New River does not present a valid case for examination

because 40 percent of the flow at the outlet to the Salton Sea originates in

Mexico and is composed mainly of domestic and municipal effluent. For

Trifolium drain 1, the Se/Cl ratic is 0.012. This ratio indicates that some

loss or sink of selenium is ocecurring relative to chloride. Trifolium drain 1

is located in the irrigated northwestern part of the Iaperial Valley, west of

the New River. Some fields in this area are affected by reducing conditions

or by high chloride low Se from the Salton Sea. Mixing of water from these
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fields witrh water unaffected by reducing conditions might account for cthe

lower Se/Cl ratio in Trifolium drain 1. Water in this drain discharges

directly to the Salton Sea about 2 mi southwest of the New River delta.
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A comparison of Se/Cl ratios of input and output water indicate that
little selenium is lost in the agricultural system of the Imperial Valley.
Apparently, however, a considerable dilution of subsurface drainwater occurs

between discharge from the sumps to the ditches and the outlet to the Salton

Sea. As previously mentioned, the selenium load discharged to the Salton Sea

by the Alamo River is 6.5 tons/yr. Assuming that the May 1988 subsurface
drainwarer sampling of 106 sumps throughout the Imperial Valley is

representative, the discharge-weighted selenium concentration is 25 pg/L,

which is the same az the median selenium concentration. The median Se/Cl

rario for the sites is 0.02, indicating that little to no gain or loss in

selenium has occurred, taking in to account a standard deviation of 0.0153. In

order to reach a final selenium concentration of 8 ug/L in the Alamo River at

the outlet to the Salton Sea, considerable dilution must occcur. The mixing is

computed by the following equation:
(302,748 ££3/5)(0.0027)(0.002)X + (302,747)(0.0027)(0.025)(1-X) = 6.5 tons,
where X = 0.74, 1-X = 0.26.

The equation indicates that of the total discharge, 302,748 fr3/s, in the
Alamo River at the outlet to the sea, 74 percent or 224,000 fri/s must come

from a source with very low selenium concentration. The equation assumes a

selenium concentration of 2 ug/L in the dilution water. This water likely

comes from either tailwater runoff, seepage from unlined canals, or other

input of water with very low selenium concentration. This relation considers

that there is no selenium sink in the ditches or river. Examining chloride

and dissolived solids in the same manner indicates that the actual dilution is
about 65 percent or 196,786 fr3/s of the total discharge in the Alamo River ac

the outlet to the Sazlton Sea. Assuming that chloride is being processed

conservatively in the agricultural system, a 15 percent loss of selenium in

rhe ditches or river is needed to account for the difference in dilution. The
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Se/Cl ratios in subsurface drainwater and in the Alamo River at the outrlet to
the sea also indicate a 15 percent loss of selenium, although the standard
deviations are high enough to questien the accuracy of this value. Because of

che lower selenium concentration in the New River and the high propertion of

flow from Mexico, a similar calculation was mot made for the New River.
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Barorn can be examined in a manner similar to the examination of selenium
discussed above. Boron concentration in the Alamo River at the ocutlet to the
Salton Sea was 560 pg/L; using this value, one can calculate a boron load to

the Salton Sea during the 1989 water year of 4537 toms. Substituting the boron

values into the dilurion equation (Colorade River water =~ 135 pg/L and
subsurface drainwater = 1,800 pg/L) yields a dilution factor of 74 percent,
the same as that for selenium. This dilution factor--along with the B/Cl
ratios, which are 0.78 for subsurface drainwater and 1.12 for the Alamo River
site--also indicates that some boron gain occurs in the ditches or river.
Unlike selenijum, which is removed from the water of the Salton Sea, boron
concentrates with evaporation to a concentration of 11,000 pg/L. Boron to
chloride ratios indicate that in the movement of water through the
agricultural system, some boron is lost. The B/Cl ratio, in order of

movement, decreases from 1.54 in Colorado River water te 0.78 in subsurface

drainwater; increases to 1.12 in the Alamo River; and finally decreases to

0.78 in the Salton Sea.
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PROCESSES CONTROLLING THE CONCENTRATION OF SELENIUM AND OTHER CONSTITUENTS

Subsurface Drainwater

Physical Characteristics of Fields

There are many variables affecting concentrations of selenium and other

constituents in subsurface drainwater. The physical characteristies,

especially soil characteristies, of individual fields are one of the factors

that control these concentrations in drainwater. The physical layout of the

field (including the spacing of subsurface drains), piezometric surfaces, and

rransit time of water in the field all are variables controlled by the soil

characteristics.
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The irrigation cycle in the Imperial Valley begins as water is requested
by the farmers and delivered to the field by a 1,675-mile necwork of canals
operated by IID. Most fields use furrow (flood) irrigation in which water
applied to the head of the field flows downslope to the tail and the location
of the drainage ditch and sump. Most fields in the imperial Valley have
gentle slopes of less than 0.2 percent. For clayey soils, such as these in

the Imperial Formation, irrigation runs as much as 0.5 mi in lengrh are

effecrive. For more sandy soils, such as the Rositas, shorter irrigation runs

of 300 ft or less are desirable (Zimmerman, 1981, p». 39). Seoil
characteristics define both the rate and path of water movement in the fields,

and thus determine the spacing of subsurface drains (Hwand and others, 1974,

p. 273). The transit time of the water within a field and the water levels

before, during, and after irrigation will vary according to soil type. 1In
clayey areas, water applied to the surface flows through cracks in the soil

and through trenches dug during installation of subsurface drainms. Excavation

during installation of subsurface drains and backfill with topsoil results in

an increased permeability of the trenches. Because of this increased

permeability, wmost of the applied water flows through the ctrenches directly

to the drains. Recent studies by Tod and Grismer (1988) at che Universicy of

California Field Station near Meloland indicate that subsurface drain flow in
clayey soils returns to base-flow conditions within 30 hours afrer irrigation

(fig. 16). The short duration of increased discharge cccurs because of rapid

trench flow. Even though discharge returns to base-flow conditiens wichin
about one day, drainage efficiencies of only 25 percent result (both ground-

water and trench flow are subtracted from drainflow in computing drainage

efficiency prior to division by the amount of deep percolation) (Tod and

Grismer, 1988, p. 7).
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Figure 16. Contribution of trench flow to subsurface drainflow from a typical

sump in che Imperial Valley.
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Irrigation applied to the field is accounted for in the feollowing

manmer. Tailwater is runoff that flews directly from the surface of the field

to the drainage ditch. This flow occurs when either too much waver is applied

or earthen dikes retaining water at the tail of a field break. This fiow is

significant to the dilution of subsurface drainwater and will be discussed

later. Water also is lost by evaporranspiration. According to Zimmerman

(1981), "Evapotranspiration from growing crops can easily exceed 6 ft of water

per year in this area, In the hot months in summer it may exceed 1/3 in. of

water per day." Of the water percolating through the soil, subsurface drains

(at a depth of about 6 ft) affect only water that is within abouc 3m

(horizontal discance) of the drain (Tod and Grismer, 1988, p. 7). Warter at

greater distances is unaffected and moves as recharge to the aquifer beneath

the field (fig. 17). Measurements of tritium concentration indicate chat

rapidly
toward the drain, nor toward the aquifer as quickly as water farther away (Tod
and Grismer, 1988). The median tritium concentration in pore water from 14

soil samples collected at a depth of 3 fr near drains was 30.1 TU's, about the

composite age of recently applied Colorade River water. Tritium
concentrations of samples from a depth of 6 £t near the drains have a median

concentration of 48 TU's, indicating water with a transit time of about 6

years. These two data sets are significantly different in their distribution

(Student’s T of -4.0189; significance level, 4. 43E-4, a = 0.05).
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Figure 17. Movement of water and layout of subsurface drains and soil-

sampling sites in a cypical field in the Imperial Valley.
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For the 15 fields ssmpled during 1989, the soil type rangec from
Imperial Formation clays in the northern part of Imperial Valley to the
Rositas sands on the East and West Mesas. The Imperial Formation soils are
nearly level, moderately well drained silty clay in the lacustrine basin.
These soils require good management practices and tile drains to maintain
favorable salt balance and to keep the water table below the root zone
(Zimmerman, 1981, p. 5). The Rositas are "nearly level to moderately steep,

somewhat excessively drained sand, fine sand, and silt loam in alluvial basins

and on fans and sandhills" (Zimmerman, 1981, p. 7). The spacing of subsurface

drains is based on the soil type, and ranged from 50 feet in the norchern part
of Imperial Valley where silty c¢lay soils are present to 400 feert in East and

West Mesas where sandy soils are present (Imperial Irrigation Disctrice,

written commun., undated)).
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Evaporative Concencration

Cancenctrations of hydrogen and oxygen isotopes and tritium were
determined in water samples collected from sumps cthroughout the Imperial

Valley to determine the source of water and processes that have affected

subsurface drainwater. Hydrogen and oxygen isotopes, which are conservative

in their chemistry, provide the abilicy to distinguish between an increase in
dissolved-solids concentration due to leaching without evaporation and an

increase in dissolved solids due to evaporation (Fontes, 1980, p. 122). Other

indicators such as elemental ratios also can be used, but their interprecation

may be complicated by solubility-product considerations in concentrated

waters. Evaporation in an arid environment such as the Imperial Valley causes

fractionation, which results in enrichment of the heavier isotope in the water

that remains. For hydrogen and oxygen, this means that deuterium and oxygen-

18 are enriched relation to H and 0. The isotope concentrations are

reported as §D and §'%0 in permil, where

§D= D/H sample
I/H standard-1l

(1
x 1,000 )

and

180
5180 180 sample
180
160 standard-1i

x 1,000, (2}

The standard for comparison is Standard Mean Ocean Water (SMOW).
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For drainwater in the Imperial Valley it was found that D =

5.4(*0/%0Y-34.2. The standard error of the slope is 0.156. In a study of

irrigavion drainage wells in the Juarez Valley of HMexico, Fontes (1980, p.

122) found that 6D = 5.8(*0/0)-21. A slope of 5.8 for the regression model

is indicarive of evaporative concentration and the increase in salinity

(dissclved solids) is due to evaporation (Fontes, 1980, p. 122; Craig, 1966,

p. 1544). The regression lines of the plots from the twe studies have similar

slopes, 5.8 and 5.4, indlcating that evaporative concentration is producing

the range in dissolved-solids concentration observed for subsurface drainwater

in the Tmperial Valley. The regression of hydrogen and oxygen isotopes along

with the meteoric water line is shown in figure 18. Qf parcicular

significance is that the 100 X r? value for the regression is 96, o« <0,01,

indicating that subsurface drainwater in sumps throughout the Imperial Valley

have a single source of water. Colorado River water used for irrigation in

the Imperial Valley has a 8D of about -103 and a §!%0 of about -13. These
concentrations plot on the lower end of the regression line shown in figure
16, indicating that the Colorade River is the source of subsurface drainwacer.

The isotopie relation between hydrogen and oxygen as discussed can be

extrapolated to include Salton Sea water. Thils extrapolation shows thac wacter

in the Salton Sea, which is the terminus of subsurface drainwater in the

Imperiai Valley, also is the product of evaporative concentration of Colorade

River water (Craig, 1966, p. 1544),
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Figure 18. Regression plot of hydrogen and oxygen isotopes and the meteoric
water line for subsurface-drainwacer samples collected in the Imperial Valley,

May 1988.
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Alcthough the regression of hydrogen and oxygen isotopes described above
has a 100 x r® value of 96, there are several points that clearly do not
follow the trend indicated by the model, Coplen (1976) found that "Local
present day precipitation in the Salton Sea area has an average isotopic
composition of: 4D equals -60 permil and §'°%0 equals -7.2 permil." Water
from San Felipe Creek, which flows from the Santa Rosa Mountains to the Salton
Sea on its southwestern side, had §D and 60 values of -58 and -6 permil,
respectively. These points plot to the left of the regression line and are
indicarive of water from local precipitation. The sump (S5-26) at sire 12
(flg. 9) drains a fleld adjacent to the Salton Sea between San Felipe Creek
and San Felipe Wash (fig. 9). Water from this site plots to the lefr of the
regression line at §D=-90 permil and §'%0=-9.45 permil, indicating a mixture
of evaporated Colorado River water and waver from local precipitation. Water
from two springs northeast of the Salton Sea near the Coachella Canal also

plots to the left of the regression line and likely represents ground-water

flow from the Chocolate Mountains that is derived from local precipitation

(Craig, 1966).
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Selenium

The isotope data indicate that evaporative concentration of irrigation
water produces the range in dissolved-solids concentration observed in
subsurface drainwater. The hypothesis for chis study was chat selenium

detected in this drainwater also results from evaporative concentration of

Colorade River wacter. For comparison, in other areas such as the San Joaguin

Valley it has been found that high levels of selenium result from oxidation of
reduced Se minerals in the Coast Ranges or in soils derived from che Coast

Ranges and from evaporacive concentration (Deverel and Fujii, 1987)
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Several methods of determining the cause of high selenium concentrations
in subsurface drainwater are examined. The first is the relation between
hydrogen isotopes and selenium concencration. Regression of §D against

selenium concentration had a 100 x r* value of 2.5, @ = 3.33. The regression

plot shows that data from six sites strongly affect the éD-to-selenium
relation. These six sites (4,9,12,14,15, and 1l6) represent sumps draining

fields in a narrow band along the southern end of the Salton Sea. Water in

these fields is affected by high chloride concentrations from the Salton Sea

and (or) reducing conditions present in the area. These sites are atypical of

the main growing area of the Imperial Valley and as such can be deleted from
the regression relation. Several of these sites--such as site 12,which was
discussed previously--also are influenced by local precipitation. Eliminating
these points from the regression yields a 100 x r? value of 62, indicating a
significant relation between 6D and selenium. The 6D and 6%0 regression
demonstrated that §D in drainwater is an indicator of evaporative
concentration of Colorado River water. The &D against selenium regression,
therefore,

shows that selenium in subsurface drainwater also results from

evaporative concentration of Colorado River water.
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Elemental relations between selenium and several conservative
constituencs also show thac selenium in subsurface drainwater is derived from
Colorado River water. As previously mentioned, the 6D value in drainwacer
from the Imperial Valley is an indicaror of evaporative concentration.
Regression of §D with chloride, which is a routinely measured constituent that
is conservative in both its chemistry and its transport, can be used as a link
to selenium. Regression of deuterium aginst any conservative constituent
should have a high r%. In subsurface drainwater, chloride concentrates to

levels approaching those measured in the Salton Sea. The regression of &D

against chloride concencration (fig. 19) has an initial 100 x r* of 61, &«

FGURE A

neafr here

<0.01, indicating that chloride in drainwater is derived from evaporative
M

concentration of irrigation water, The regression model clearly is effected
by concentrations at three sites that plot to the lower left of the regression
1ine. These sites (9, 12, and 16) are along the southern end of the Salton
Sea. Because subsurface drainwater from these sites is affected by local
precipitation or runoff from outside the study area, these sites are atypleal
of the main growing area in the Imperial Valley. Elimination of these points

from the regression gives a recomputed 100 X r* of 83, indicating an excellenc

correlation between evaporative concentration (D) and chloride.
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The nexr step is to evaluate the correlavieon between chloride and

selenium, This dava set (103 samples) is much larger than che previous one

(39 samples). Regression of selenium against chloride yields s 100 x r~ of

o

33, apparently not z significant relation (fig. 20).

However. the regression
model is strongly affected by the three points at the upper end of chloride
concentration and to the right of the regression line. These sites (4, 14,
and 13) are in fields aleng che socuthern end of the Salton Sea that are
strongly influenced by high chloride concencration (14,000 wmg/L) in the Salton
Sea. Eliminating these three data points, as well as those from the earlier
60 and Cl regression as atypical of the Imperial Valley gives a 100 x r® of

apout 71 (fig. 20), demonstrating that selenium concentrations in subsurface

drainwater are controlled by evaporation of Colorade River water in a manner

similar to that of chloride.
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Figure 19. Regression plot of hydrogen isotopes and chloride for subsurface-

drainwater samples collected in the Imperial Valley, May 1988.
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Figure 20. Regression plot of chloride and selenium for subsurface-drainwater

samples collected in the Imperial Valley, May 1988.
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Although most analyses were for rotal selenium (all oxidacion states},
limited sampling to determine selenite-to-selenate ratio was performed in June
1989 by personnel from the USGS National Research Program Office in Menlo
Park. Califormia. Water collected from site 8, sump §-417, had a cotral
serenium concentration of 275 pg/L--271 upg/L of which was in the selenate form
and only 4.26 pg/L was in the selenite form. This analysis verified that mosc
of the selenium in subsurface drainwater is in the form of the highly soluble
selenate, and only a small portiom is the sparingly soluble selenicte. 1In
comparison, water in the drainage diteh to which sump S$-417 discharges had a
coral selenium concentration of 3.31 pg/L. Of this total, L.41 pg/l was in
che form of selenite and 1.91 pg/L in the form of selenate, indicating chac

some reduction may be taking place in the drainage ditches.
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Elemental ratios provide a means to evaluate water-quality changes chat
secur in irrigation water as 1t moves througn the agricultural system.
Selenium., as the elementc of focus for this study, can be compared to a variety

of catvions and anions to demonstrate compositional changes in water qualicy or

to show sources or sinks of selenium. Chloride is chosen for comparison

because it is conservative in its chemistry, and it is highly soluble.
Colorado River water, as sampled from the East Highline Canal, had a selenium
concentration of about 2 ug/L and a chloride concentration of about 100 mg/L.

These concentrations give a Se/Cl ratio x 1,000 of 0.02 for irrigatvion warter

in the Imperial Valley. This ratio should remain constant as water moves

through the agricultural system if there are no sources or sinks thatr affect

the elements differencly. Changes in the ratio occur if solubility aifects

one or the other ion, oxidation-reduction reactions take place, and (or)

biological reactions selectively utilize one element or the other. An

increase in the ratio indicates a Se source (such as Se in soil) or Cl sink,
and a decrease in the ravio indicates a Se sink (sorption or biclogical

reduction) or a Cl source {(dissolutrion of evaporatved salt). Se and Cl can

evele through the agricultural system wicth each behaving exactly the same--

precipitating and dissolving alike and with no redox processes. In this

study, evaporation (as confirmed by its relation to &D) is the only physical

process shown to be affecting both elements similarly. Anmalytical error for

low ranges of selenium concentration can produce a substantial change in Se/Cl

ratio. The highest selenium concentration of the study, 340 ug/L, was

detected at Sump S-417, which is just south of the Salton Sea. The chloride

concentration at this site was 15,000 mg/L, about the same as in the Salton

Sea. These concentrations give a Se/Cl ratio of 0.023, close to that in the

Fast Highline Canal. The similarity of the ratios indicates that selenium at

elevated levels can be accounted for by evaporative concentration of

—
e
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irrigation water.
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The median Se/Cl ratio for 119 sites (sumps) in the Imperial VYallev

qﬁﬁrz“" samplied during May 1988 is 0.02 (fig. 21). Wwacter in the Alamo River st the
aay nere

2BINEE.__ suclet to che Salton Sea is representative of most of the irrigation drainage

from the Imperial Valley, containing both subsurface drainwater and tailwater
runoff. With a selenium concentration of ¢ pg/l and a chloride concentration
of 530 wg/l, cthe Alamo River site had a Se/Cl ratio of 0.17. This compares
favorably with both the median ratio for subsurface drainwater and the racio
in the East Highline Camal. The standard deviation for the 119 sites is

0.015.

The minimum ratic is 0.00027 and the maximum is 0.073, wich 50 percent

of the ratics falling between 0.01 and 0.03.
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Figure 21. Selenium to chloride ratios in subsurface-drainwater samples

collected in the Imperial Valley, May 1988.
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Examination of the Se/Cl ratiocs in specific areas of the Imperizl Valley
provides insight into the processes that affect the distribution of selenium
in subsurface drainwater. For example, sites 3, 4, 5, 12, and 15 are sumps

$S-4, S$-38, S5-45, $5-26, and §S-11, which drain fields near the southern end

of the Salton Sea. As previously discussed, subsurface drainwarter at these

sites is influenced by high chloride concentrations from the Salton Sea and

also by reducing conditions present in the soils. The Se/Cl racios were

0.0012, 0.0011, 0.0015, 0.0016, and 0.0003, respectively. These very low

ratios indicate a selenium sink. Explanation of this removal can only be

hypothesized or inferred from other constituent concentrations., Fach of these

sites is along the southern edge of the Salton Sea. Because subsurface drains

in the fields generally are located 6 ft below land surface, which is at or
below the current elevation of the Salton Sea, the resulting piezometric-

surface differential could produce the high chloride concentrations detected

in the drainwater. It is likely that reducing conditions also are present at

site 15, as indicated by an ammonia concentration of 10 mg/l. as N and an irom

concentration of 1,500 pg/L. Even though subsurface drainwater at these sites

is highly evaporated (6D equaled -68 and 5§10 equaled -6.75 permil), selenium
concentrations were fairly low (3, 15, 6, 5, and 13 pg/L, respectively).
These sites were eliminated from the earlier regressions showing the

correlation between selenium and evaporative concentration. Because selenium

in the inflowing water to the Salton Sea is biologically removed, water
flowing from the sea to the subsurface drains is depleted in gselenium and

enriched in Cl, D, and 0. This removal of selenium from the water accounts

for the very low Se/Cl ratios observed at these sites. The low Se

concentrations may be attributed to redox reactions in reducing soils or to

mixing with Salton Sea water.
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The Salton Sea also is a prime example of a selenium sink. The selenium
concentracion in the sea is 1 pg/L, and chloride concentration is 14,000 mg/L.
These concentrations give a Se/Cl ratio of 0.00007. Bacteria in the sea may
be removing selenate from the inflowing water and concentrating it as
elemencal selenium in the deltaic sediments of the New and Alamo Rivers. This

selenium- removal process in the Salron Sea, which will be discussed later,

also can affect subsurface drainwater in the fields.

Sites having low to very low Se/Cl ratios are easily explained, buct
three sites, 33, 36, and 101, had significantly higher Se/Cl raties of 0.073,
0.066. and 0.046, respectively, indicating possible sources of selenium. At
site 33 (sump $-142), 13 monchly samples collected during the study had an
average Se/Cl ratio of 0.046. During the monthly sampling at this site,

however, no measurable discharge into the sump was observed. Observations

made during sampling indicate that the field was irrigated in November 1988

and again in July 1989. Concentrations of hydrogén and oxygen isotopes show

that water in the sump experienced some evaporative concentration. The 6§D and
§'%80 was -97.0 and -11.7 permil in October 1988. Coincident with the

cbservation of water on the field in November was a slight decrease in §D and

§80 to -99.0 and -11.9 permil. Between Novembe: 1988 and March 1989, isotope

concentrations increased to -82.0 and -8.9 permil. One hypothesis is that
because the sump had been unused for a long time, it may have conctained

rainwater that had not flushed out. Rainwater would be depleted in Cl

relacive to D; also, the Se could desorb from the sump walls and botctom solils,
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At the other two sites that had high Se/Cl ratios, 36 (§-214) and 101

(5-202), no detailed analyses were performed. These sites had chloride

concentrations of 610 and 260 mg/L, respectively. Although discharge at sites

36 and 10l was measured during later sample collection, no additional samples

were collected during the study.

If selenium concentrations at these three (high Se/Cl ratio) sices do
indicate a source of selenium, that source is not very significant, in
comparison with evaporative concentration, for the valley as a whole. Even

though these Se/Cl ratios are the highest measured, the selenium

concentrations of 40, 16, and 12 ug/L are not especially high.
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Boron

Borom in subsurface drainage behaves in a manner similar to that of
selenium in those areas where selenium remains in its +VI oxidarion state. In
the previous discussion of selenium in subsurface drainwater, i1t was shown
that the correlation between §D and concentrations of Se and Cl indicated that

evaporative concentration of Colorado River water was the primary process

controlling soluble-salt concentration. Regression of D/H and chloride showed

near hefe. that chloride concentration also is cantrolled by evaporation (fig. 22). In

evaluating the relation between D/H and chloride, the fields adjacent to the
southern end of the Salton Sea were considered atypical of the Ilmperial
Valley. Because of high concentrations of chloride from the Salton Sea and
inflow from drainages outside the study area, sites 4, 9, 12, 14, 15, and 16
(fields drained by sumps S-38, §-332, §s-26, S-337, $s-11, and S-43,
respectively) were deleted. Regression of boron against 'chloride for log-
transformed data at the remaining sites demonstrates that evaporative
concentration of Colorado River water is the principal process controlling
boron concentrations in subsurface drainwater in the Imperial Valley (100 x r?

gﬁggg:if:m 65, a<0.01, h=32) (fig. 23). In 1986 the Regional Water Qualirty Control

near 12—

A
neB D

Board collected samples from 119 sites throughout the Imperial Valley.

Analysis of this larger data set by regression of boron and dissolved solids

confirms the strong correlation between boron and evaporative concentration

(100 x r* of 77, a<0.0l) for log-transformed data( fig. 24).
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Figure 22. Regression plot of hydrogen isotopes and log,; normalized chloride

for subsurface-drainwater samples collected in the Imperial Valley, May 1988.
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Figure 23, Regression plot of log;; normalized chloride and boron for
subsurface-drainwacter samples collecced during in the Imperial Valley, Hay

1988 .
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Figure 24. Regression plot of log;, normalized boron and dissolved solids for

subsurface-drainwater samples collected in the Imperial Valley, May 1986.
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Elemental ratios of boron to chloride (B/Cl) in subsurface drainwatar
were examined to determine similarities with, and differences from, Se/Cl
ratios. The median B/Cl ratio x 1,000 for the 40 subsurface drainwacer

ot hete samples is 0.78, with a standard deviacion of 0.63 (fig. 25).

The maximum
M-—‘.'—_

B/C1 ratio of 3.07 is about four times greater than the median ratio.
Similarly, the maximum-to-median relation for Se/Cl (0.073 to 0.02) is close
to four. Differences between the minimum B/Cl and Se/Cl ratios and their
respective median raries, however, reflect the effects of redox conditions omn
the solubility of selenium. Whereas the median B/Cl ratio is about four times

greater than the minimum ratio (0.78 te 0.2), the median Se/(l ratio is nearly

70 times greater than the minimum (0.02 to 0.0003). This difference between

boron and selenium might be atcributable to the "removal” of selenium (as

selenite) under reducing conditions by adsorption to fine sediments.

Several flelds seem to be sources of boron, as indicaced by B/Cl ratios

of 3.07 for site 57, TD-2554, and 2.0 for site 44, 5-230, Site 57 is in the

middle, north to souch, of the Imperial Valley and on its eastern border.
There is nothing particularly outstanding about the chemistry of subsurface

drainwater at this site nor any indications of geothermal acctivity that might

account for the higher boron concentravions. The median B/Cl (x 1,000) ratio

in monthly samples from the East Highline Canal (Colorado River water) is

1.56.
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Figure 25. 3oron te chloride ratios in subsurface-drainwater samples

collected in the Imperial Valley, May 1988.
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Interaction of Subsurface Drainwater and Shallow Ground Water

An evaluation of the interaction of subsurface drainwater and shallow
ground water is helpful in estimating the relative contribucion of each source
to subsurface drain flow. Subsurface drainwater is defined here as water from
land surface to a depth of sbout & fr. Shallow ground water is water from
gbour &6 fr below land surface to a depth of several hundred feerv. as
discussed in the earlier "Hydrology" section, Tod and Grismer (1988) showed
that in clayey soils there was little percolation of irrigarion water past the
subsurface drains. To explore the relation between shallow ground water and
subsurface drainwater, 3 fields were selected from the 15 where soil samples
and monthly subsurface drainwater samples were collected. These sites were
selected to be areally representative of the Imperial Valley and, also, to
cover a wide range in selenium concentration, Multiple-depth wells and
lysimeters were installed at each site to determine the chemistry of shallow
ground water., Water samples collected from these wells and lysimeters were
analyzed for a large number of chemical constituents, including hydrogen and
oxygen isotopes, selenium, nitrogen species (ammonia, nitrave + nitrite,
N-15/N-14), iron, manganese, boron, sulfur (S-34/5-32), dissolved solids, and
tritium. Dissolved selenium, chloride, and sulfate were determined on pore

water extracted from core samples collected during drilling.
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Samples for analysis of hydrogen and oxygen isotopes were collected to
decermine the source of shallow ground water in the nested wells and

lvsimeters. Results of these analyses are shown in figure 26, where &D and

§'%0, in permil, are plotted against the meteoric water lime. Two

measurements of Salton Sea water from Craig (1966) are included to show any

major changes with time. The éD and §180 of these samples increase wich

distance from the mouth of the river toward the center of the sea where the

water has undergone more evaporation. Concentratioms of hydrogen and oxygen

isovopes (shown in fig. 26) also were determined from samples collected from
the Salton Sea during this study. In addition, the 6D and §130 of water in
Lake Mead, the source of Celorade River water used for irrigation in the

lmperial Valley, is shown (concentrations are <114 and -14.5 permil,

respectively). The evaporation line clearly passes through samples from the

Ssalton Sea and Lake Mead; the line also represents the best fic for shallow

ground water at the three nested-well and lysimeter sites. The relation shown

in figure 26 clearly demonstrates that shallow ground water at these three

sites, ranging in depth from 6 to 199 ftr below land surface, originates from

rhe Colorade River. The slope of the regression line is 5.9, which compares
favorably with the slope of 5.4 for subsurface drainwater in the Imperial

Valley and indicates that evaporative concentration of Colorade River water

also produced the shallow ground water.

133



PRELIMINARY SUBJECT TO REVISION June 24, 1991

Figure 26. Regression plot of hydrogen and oxygen isotopes and the meteoric
water line for water samples from wells and lysimeters at three sites in the

Imperial Valley.
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Stable-isotope concentrations also can provide an indication of the

effeccs of soil cype on the movement of water beneath a field by sheowing che

degree to which evaporative concentration occurs. Composition of soils ac the

souchern site, $-371, is 70 percent Imperial-Glembar silcy clay loam, wer; 20
percent Meloland very fine sandy loam, wet; and 10 percent Holtville silcy
clay, wet (Zimmerman, 1981). loam soils, by definition, have less than 52
percent sand. Sandy sail at the southern site compared to clayey wet or
clayey saline soil at the northern and middle sites would be expected to allow
deeper infiltration of irrigacion water and thus less evaporative

concentration in the shallow ground water. Water samples from the two

lysimecers at depths of 12 and 18 fr and from rhe shallow well ar 23 ft
indicate that little evaporative concentration has occurred (§D of -99.5,
«102, and -103.5 permil, and §%0 of -12.2, -12.1, and -13 permil,

respectively). However, as discussed in "Selection of Sampling Sites," the

lysimeters are located in an area strongly affected by tailwater runoff.
Comparison of dissolved-solids concentration for these three samples (2,140,
1,350, and 1,450 mg/L) with the dissolved~solids concentration in the
subsurface drainwater from the sump (9,170 mg/L average for 12 monthly
samples) seems to indicate that the wacer in the lysimeters and shallow well

(at depths of 12 to 23 fr) is not the same water that occurs in the subsurface

drains at the site. At a depth of 39 ft, however, higher (less negative) §D

and §1%¢0 values (-96 and -11.35 permil) indicate that evaporation has
occurred. This trend of increasing 6D and §'%0 with depth continues te 84 fr,

where §D was -84 and §0 was -9.0 permil. These ratios cam be compared with
those for subsurface drainwater in §-371, in which 6D and §%%0 were -98 and

-11.7) permil, respectively (average for 12 monthly samples).
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Althougn water at depth is more evaporative than water immediately
beneath land surface, water from the deeper wells at the southerm site ploc
toward the lower end of the regression line shown in figure 27. Tricium
concentrations confirm that warer from land surface to a depth of 23 fr is

recent irripatrion water. At 12.5, 18, and 23 fr, the tritium concencratvions

were 28.9, 28.9, and 27.7 TU's (vricvium units), respectively. These

coricentrations are similar to current Coleorade River tritium concentrations of

30 TU's (fig. 28). As depth increases, tritium concentration decreases to 3.6

TW's arv 39 £, 2.1 TU's av 49 €£r, and 0.4 and 0.8 TU at 65 and 114 fc,
respectively. Water 65 fr and deeper is effectively tritium dead, indicaring
a pre-1952 source. Isotopically, this deeper water is derived from che
Colorado River. Historically, periodic flooding of the Salton Trough by the
Golorade River has resulted in the formation of a series of lakes. These
lakes ranged in size from Lake Cahuilla, which 40,000 years before present had
a shoreline altitude of 160 £t above sea level, to lakes the size of the

current Salton Sea or smaller. Partially evaporated water from this episodic

flooding is trapped at different depths in the sediments of the Imperial

Valley. Recharpe from the All American canal also is a source of local ground

water, but does not effects the geohydrology of the system below 100 ft

(loeltz and others, 1975).
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Figure 27. Tritium comcentration in water samples from lysimeters and walls

at selected fields in the Imperial Valley.

137



PRELIMIRNARY SUBJECT TO REVISION June 24, 1991

Fipure 28. Tritium concentration in water samples from the Coloradeo River,

1960-88.
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The &D and §}0 of shallow ground water at the northern sice, drained by
sump 417, indicare that the water is highly evaporated. The §D and §*8%0 at a
depth of 8 fr was -80.5 and -8.1 permil, respectively. Although specific
conductance was 70,000 uS/cm at 8 ft and peaked at 84,000 pS/cm ac 14 fr, &D
and 610 reached their maximum ratios of -59.5 and -5.15 permil, respecrively,
st 34 ft below land surface (fig. 29). This shift in the relation between
specific conductance and hydrogen and oxygen isotopes may be due to
dissolution of evaporative salts deposited by historical lakes that occupied
the Salton Trough. The northern site is roward the deeper part of the Salton
Trough, where evaporative salts would have been deposited., Finer grained
sediments from inflowing water also would be deposited in these low-lying
areas. The Soil Conservation Service (1982) has classified soils in this area
as Imperial silty clay, wet. The effect of these clayey soils on water
quality beneacth the northern-site fields can be shown by comparing the
isotopic ratios with those from the southern site. Higher evaporation at the

northern site is indicated by more positive §D and §°0 ratios (fig. 26), as

well as by higher specific conductance, beneath land surface (fig. 29).
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Figure 29. Concentrations of selected constituents, in relation to depth, for

water samples collected from wells and lysimeters at the northern site {(near

5.417) in the Imperial Valley.
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Water from the deepest well (199 ft) act cthe norchern site is
isotopically similar te water at 8 fr, but the dissolved-solids concentrations
differ considerably. Dissolved-soiids concentration at 8 ft was 57,3200 mg/L
(at a 6D of -80 permil and a 60 of -8.1 permil}, but at 199 ft the
concencration was 13,800 mg/L (at a 6D of -78 permil and a §%%0 of -§ 0
permil). Again, these differences in dissolved-solids concentration for water
having the same isoropic ratios probably are due co the dissolucion of

evaporative salts or to the operation of different mechanisms of

cencentration: (1) evaporation of irrigacion water in a shallow system, and

(2) historical concentration in underflow and (or) older lake water in che

regional ground-water system. The source af the water at both depths clearly

is the Colorado River (fig. 26). Additienally, the isotopic composition of

the water at 34 fr, where §D equaled -59 permil and §'®0 equaled -5.2 permil,
closely matches the composition (-60 and -5.2 permil) of water in the Salton
Sea as determined by Craig in 1966 (Craig, 1966). The dissolved-solids

concentration of these two samples (the 34-ft sample and Craig's sample) also
is similar (both about 34,000 mg/L). In a manner similar tvo thact ac the
southern site,

dissolved-solids concentracion at the norchern site decreased

with depth to an apparent regional level of 13,800 mg/L at 199 fr.
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Sandier soils at the southern site, in comparison with those ac the.,.
northern site, allow for deeper penetration of recently applied irrigation
water. The clayey soils at the northerm site preclude significant
penecration. Water from the upper lysimeter at the northern site at a depth
of 8 fr had a critzium concentravion of 33 TU's. At 14 ft, however, the
tritium concentration decreased to 6.5, at 19 ft to 4.8, and (in the shallow
well) at 34 fr to 2 TU's. The trivium concentration at 8 ft indicates recent
irrigation water; concentrations at 14 ft and below indicate that only a minor

amount of recent irrigation water reaches rhat depth and mixes with nacive

water of pre-1932 origin. These low tritium values also might be the result

of incomplete well development in clay-rich soils. Warter in sump $-417, which

drains the field atr the northern site, had a tritium concentration of 29.7

TU’'s, equivalent to recent Colorado River water.
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The middle site, drained by sump S$-154, is located in an area that %Q
1902 was identified as Mesquite Lake (Holmes, 1903). In the early 1900°'s the
Alamo River (at that cime called the Salton River) flowed north from the
international “-undary to Mesquite Lake in an area of high-alkali soils abour
3 mi northeast of the rown of Imperial (Holmes, 1902, p. 1238). The Soil
Conservation Service in a recent (1982) soil survey, classified the soil in
this area as Imperial silty clay, saline. This is the only area in the
Imperial Valley, not under water, where the soil is designated as saline.
Hydrogen- and oxygen-isotope ratios in water samples collecred from nested
walls and from lysimeters at this site plot on the evaporacive cancencrétion
line shown in figure 26, indicating that water ac the middle site also is
derived from the Colorade River. The median §D and %0 values of -87 and

-9.1 permil fall becween the medians from the southern and northern sites of

-96 and -11.35 and -68 and -6.5 permil, respectively., Although not as highly

evaporated as at the northern site, water at the middle site nevercheless has
high dissolved-solids concentrations (for example, 49,500 ng/L. at a depcth of 9

FIGURE %0 ft) (fig. 30). Water bemeath the middle site also has a higher ratio of
neat here

e et bt

dissolived-solids concencration te 60 than water at the northern site. Because

this middle-sire field is in a localized topographic depression and fairly
recent (early 1900’'s) lakebed, evaporative salts present in the soils may be
leached by heavy flushing of the field necessary to make a suitable
environment for growing crops. In spite of the added salt input from
dissolution of evaporated salts present in the soils, the correlation of §'%0
with dissolved-solids concentration, 100 x r* of 87, is excellent. The less
highly evaporated water (with a 6D of -87.5 permil and a 6'%0 of -9.35 permil)
is in the deepest well (at 75 fr). 1In a manner similar to that at the
norchern and southern sites, the dissolved-solids concentration at the middle

site decreases with depth and approaches a regional level of abour 13,000

mg/L.
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Figure 30. Concentrations of selected constituents, in relation te depth, for
water samples collected from wells and lysimeters at the middle site (near S-

154) in the Imperial Valley.
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The effect of these clayey soils on movement of water beneath the fipld
is more pronounced at this site than at either the northern or southern sites
(fig. 27). Tritium concentrations in wacter from lysimeters and wells beneath
the middle site indicate that no recent irrigation water percolates past a
depth of 14 fr. Insufficient water was available from the lysimeter at 9 ft
for sample analysis. The tritium concentration ac 14 £t was 0.6 TU's,
indicating no recent water presenc. Very low levels of tritium were detected
in the samples from 40 and 55 fr, 1.7 and 2.3 TU's, raspectively; however,
rhese concentrations are believed to be artifacts from drilling (incomplete
well development).

Tritium concentration in the sump draining the middle site

was 33.4 TU's, a little greater than present-day Colorado River water.

The use of elemental ratios such as Se/Cl in demonstraring che
similarity of subsurface drainwater in the Imperiazl Valley is not applicable
to most ground-water samples collected during the study. Reducing conditions
at depth may transform the selenium present as Se0,”? to Se0;"? or HSe™ and
H,Se? The reduced compounds can be adsorbed onto the soils and concrol the

Se solubility (Neal and others, 1987) (Elrashidi and others, 1987). Reducing
conditions at depth are present at all three nested-well and lysimeter sites,
generally decreasing the usefulness of Se/Cl ratio comparisons; however, the

comparisons do show the probable removal of Se in ground water.
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Shallow-ground-water chemistry at the three nested-well and lysimeter
sites demonstrates the effects of the ongoing chemical, biological, and

geohydrological processes beneath the fields. These reactions occur under a

variety of redox conditions, as shown by the relation between selected

constituents. Because artesian conditions are present throughout much of the

Imperial Valley, shallow ground water represents a potential socurce of
discharge to either the subsurface drains or the drainage ditches, and

therefore to the Salton Sea, the terminus of these drains and dirtches.

The quality of water in the nested wells and lysimeters av the northern
site changes significantly with depth. As discussed in the previous
paragraphs, dissolved-solids concentration increases immediately beneach the

field--followed by an overall trend (exception noted below) of decreasing

concentration with depth. Chloride concentrations are synchronous with this

pattern (fig. 29). Dissolved-solids concentration, in an exception to the

trend, shows a small Increase at 75 ft. This increase in concentration from

25,700 mg/L at 54 ft to 31,200 mg/L at 75 ft is the result of an increase in

sulfate ion from 3,800 to 6,800 mg/L. The sulfate increase is accompanied by

an increase in magnesium and sodium concentrations from 5,400 to 6,800 mg/L

(Mg) and 1,500 to 1,700 mg/L (Na).

THE
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The well at 75 fr is perforated in a sandy layer several meters thigk

that is overlain and underlain by wvery tight clays. Artesian condicions are

present in this zone--which is supersaturated with respect to carbon dioxide.

The carbon dioxide effervesces on exposure to the atmosphere, and calcite

forms in the bottom of the sample bottle (the precipitate bubbles on addition
of acid). This sandy layer at 75 ft most likely has some continuity with the
carbon dioxide-emitting mud velcanoces along the southeastern edge of the

Salton Sea. According to Loeltz and others, 1975, "the small carbon dioxide

emitring domical hills in the Obsidian Butte area are formed by rising thermal
water and mud highly charged wich carbon dioxide." Water at depth in the
geothermal system (brines) are high in sodium, caleium, potassium, boron,

lithium, barium zine, lead, and copper (Helgeson, 1968, p. 131). Perhaps,

some influence of the geothermal system is seen in water from the artesian

zZone.

Water-quality analyses indicate that the artesian zone apparently

affects water in the overlying zone. Another possible explanation, however,

is contamination of the upper wells as a result of incomplete seals in the

annulus of the hole. Each well was perforated, in a 3-feot interval, ac the

botrom of the PVC and the annulus was packed with sand. 7The interval to che

next well point was sealed with bentonite chips. Water from cthis highly
pressurized system might force its way through the well seal, thereby

contaminating the other well.
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The effects of reducing conditions on concentrations of selenium ang,

orher redox sensitive constituents in shallow ground water is shown in figure

29, Examined were the constituents selenium, ammonia, nitrate, and iron,

along with pH. Selenium concentrations at the northern site increased beneath

the field from 24 pg/L at 8 fr and 20 pg/L at 14 fr to 90 upg/L atv 1% fr. This

inerease shadows the dissolved-solids concentration even though selenium is
strongly correlated with dissolved solids in subsurface drainwater (100 x r®

equals 70.5). Below 19 ft, selenium concentration decreases to 4 pg/L at 34

fr, 1 pug/L at 54 fr, and less cthan 1 ug/L at 75 and 199 ft., This decrease in

selenium concentration corresponds to an increase in ammonia concentration.
The increasing presence of ammonia indicates that a reducing environment is

hecoming more pronounced with depth. Under reducing conditions, nitrate is

converted to ammonia, and selenate can be conmverted to selenite, elemental

selenium, or selenide, depending on the envirenmental conditions {s0il acidity
or alkalinity, pH, pE, and biota present). At 75 ft, the nitrate

concentration is less than 0.1 mg/L, and the ammonium concentration has

increased to 21 mg/L. Concomitant with the increase in ammonia concentration

is an inerease in iron concentration from 340 pg/L at 54 ft to 23,000 pg/L atc

75 ft. The high iron and ammonium in concert with the less-than-detection-

level nitrate and selenium indicate z reducing environment. According to

Elrashidi and others (1987), "Under highly reducing conditions, selenides are

the major inert sink of Se intrroduced inte the environment. Contaninacion of

waters or soils by these minerals poses a minimal hazard of Se toxicity so

long as their depository remains reduced.” Concentrations of manganese ran ed
B g 24

from 210 pg/L at 199 fr, where reducing conditions prevailed, to 11,000 ug/L

at 14 ft, where selenium and nitrate still were present.
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Of particular interest was the finding of elevated levels of arsenic™at
depth in the Imperial Valley. 1In reconnaissance investigation of the Salton
Sea area, elevared levels of arsenic were not found in either subsurface
drainwater or in bottom sediments. (Median arsenic concencration in bottom
sediments was 5.6 mg/kg, in comparison with the maximum baseline concentration
for 95 percent of soils in the Western United States of 22 mg/kg; and arsenic
concentration in subsurface drainwater ranged from 1 te 4 ug/L, considerably
less than the 50 ug/L -_xterion (U.S. Environmental Protection Agency, 1986)
for protection of aquatic life.,) In this detailed study, arsenic
concentration in shallow ground water at and above 54 fr ranged from 2 to 9
pg/L. At 75 fr, however, the concentration increased to 91 ug/L, representing
an order-of.magnizude increase. The concentration at 199 feet was 67 ug/L.
The source of this arsenic is unknown at this time. There is some moderace
geothermal influence at these depths that might account for this increase,
According to Welch and others (1988), "Geothermal water generally has higher
arsenic concentrations than non-thermal ground water with the highest

concentrations found in brines such as those found in the Salten Sea

geothermal area." Water temperature increases wich depth from 30 °C ac 34 fc

to 31.5 °C at 75 ftr and 36 °*C at 199 fr. The wells ac 75 and 199 ft are

artesian and likely have continuicy with the carbon dioxide-producing system

along the southeastern edge of the Salton Sea.
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There are several similaritvies in the patterms of chemical >
concentrations between the northern and middle sites (fig. 30). Although
there is no inerease in dissolved-solids concentration beneath the middle-sice

field such as that observed at the northern site, major ion constituents are

elevated. Dissolved solids presents a pactern of decreasing concentration

with depth. At 9 fr, the concentration is 49,500 mg/L, decreasing to 13,200
wg/L at 71 £t. The wells at 71 and 95 ft are artesian, but do not present the

major compositional changes in ion chemistry that were observed for the two

artesian wells at the northern site. In the two artesian systems (at the

northern and middle sites), sodium and sulfate concentrations, In comparison

with concentrations at 55 ft, continue to increase with depth.
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Concentrations of constituencs indicative of redox conditions alse 7
exhibit a pattern similar to that of the northern site, thougn not quite as

strongly reducing in the deeper wells (fig. 30). Selenium and nicrace

concentrations decrease with depth. Regression of selenium against nitrace

yvields a 100 x r? of 93, indicating that similar processes affect borh
selenium and nitracte. Ammonia, another indicarvor of redox conditions, does

not present any clear pattern in concentration., The ammonia cencentration at

9 fr is 1.6 mg/L, increasing to 5.6 mg/L at 71 ftr and 3.6 mg/L at 95 ftr. 1Imn
comparison with ammonia concentrations of 21 and 28 mg/L for the deepest wells
at the northern site, these ammonia concencrations do not indicate scrong
reducing conditions. Nevertheless, by 55 fr, both selenium and nicrace have
been raduced to below detection levels, less than 1.0 ug/L and 0.1 mg/lL,
respectively. In a manner similar to that of the northern site, iron

concentration in the twa artesian zones ls indicative of reducing conditions.

Iron concentration increased from 310 pg/L at 55 ft to 6,400 pg/L ac 71 fr and

6,000 pg/L ac 75 fr.

The patterns of arsenic concentration with depth also were analogous to

those at the northern site. The shallow-depth lysimeters and wells had low
arsenic concentrations that ranged from 2 to 7 ug/L. The two deeper wells in
the artesian zone had concentrations of 46 and 59 ug/L at 71 and 95 fr,
respectively. Unlike the northern site, where a thermal gradient is present
that might indicate geothermal influence, no such temperature gradient is
apparent at the middle site. Although the geothermal gradient decreases
quickly south of the northern site, other thermal anomalies are present in the
southern Imperial Valley that could influence the temperature gradient

(Helgeson, 1968, p. 138).
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Few similarities are present in the magnitude and patternm of elemen#®al
concentrations in water samples collected from the southern sice and those

from the northern and middle sites. As discussed in "Selection of Sampling

Sites,"” the placement of lysimeters and wells at the southern site was not

suitable to obrtain water samples indicacive of irrigation drainage from the

field drained by $-371. These wells and lysimetvers receive water from a

variety of sources, including the drainage ditch, the irrigation canal, and

possibly surface.water accumulations. Water from the lysimeters also is of

questionable validity because of the collapsing of the holes during drilling
as a result of the high water content and coarse nature of the soils. The
profile of dissolved-solids concentration shows an apparent increase with
depth from a low of 2,140 mg/L at 12.5 fr teo a high of 15,000 mg/L at 49 ft,

followed by a gradual decline to a regional level of 9,620 mg/L ac 114 fr

HGUREgl (fig. 31). Although lysimeters were placed at & and 7 ft, no water was

near hare

present at any time during sampling. However, there seems to be continuity in

the pattern of C1/S0, and Cl/Na ratios on either side of the ditch for the

samples collected at 1B ft (lysimeter) and 23 fc (well). The lysimecter

probably is affected more by tailwater runoff than by drainage from the field.

Patterns in concentrations of redox-indicating species in wacer from che
nested wells and lysimecters at the southerm site are markedly different from
patterns at the northern and middle sites (fig. 31), primarily because water
in the lysimeters and shallow wells at the southern site was strongly
influenced by tailwater runoff and by the irrigation canal. Additionally,

there is no apparent pattern to concentrations of these species with depth.

Therefore, no analysis of changes in concentration of redox-sensitive species

is presented for this site.
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Figure 31. Concentrations of selecred constituents, in relation to depctch, for
water samples collected from wells and lysimeters at the southern site (near

5.371) in cthe Imperial Valley.
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Movement and Partitioning of Selenium in the Salton Sea 7

As discussed previeusly, selenium originates at low levels in irrigarvion
water; concentrates by evaporation in the fields of the Imperial Valley to
levels as high as 360 pg/L; and is transported to the Salton Sea by the New
and Alamo Riwvers, as well as by several drains, that dlscharge directly to the
sea. From a discharge-weighted concentration of 25 pg/L, selenium in
subsurface drainwater is diluted by low-concentration tailwater and canal
seepage to concentrations of 4 and 8 ug/lL in the New and Alamo Rivers at their
outlets to the Salton Sea. Samples collected in the delta of the Alamo River
and in the Salton Sea indicate that this inflowing selenium is being removed
from the water, The understanding of the selenium-removal process has been
accelerated as a result of the detection of selenium contamination at major
irrigation drainwater projects--such as Kesterson National Wildlife Refuge
(California), Stillwater Wildlife Management area (Nevada), Stewart Lake
Waterfowl Management Area and Ouray National Wildlife Refuge in the Middle

Green River basin (Utah), and Kendrick Reclamation Project area (Wyoming)--and

by the research generated from concern about this contamination.
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Previous studies (Cook and Bruland, 1987) indicacted that the main 7
selenium-removal process centered around the incorporation of selenium incoe

biological particles that serttle co the bottom of the water body and degrade,

releasing dimethyl selenide. This degassing of dimethyl selenide was one

mechanism considered, along the sertling of the selenium-containing bieta, to

explain selenium removal from the water column. In this degassing mechanism,

selenium is an analog for sulfur. Current research, however, indicares chat
the removal rates engendered by these processes are not sufficient te account

for the magnitude of selenium removal in water bodies such as the Salton Sea

(Oremland and others, p. 1163, 1990). This research has identified a sulfate-

independent process whereby selenate is reduced to elemental selenium by
anaerobic bacteria (Oremland and others, p. 2340, 1989). These bacteria use

selenate as a preferential electron zccepror. Nitrate acts as a compecitive
electron acceptor that interferes with this biochemical reduction af selenium.

Although selenate is removed from the water, this removal does not necessarily

mean that selenium is no longer a contaminant. According to Oremland (1990},

The fact that this ocecurs independently of the abundant molecular
analog (for example, sulfate) allows for the reaction to be the
major selenium sink in the presence of high dissolved sulface
(abour 300 millimoles). Nonetheless, we hypothesize that
accumulation of elemental Se in surficial sediments of impacted
regions does not necessarily remove this toxicant from the food
chain. Ingestion by sediment-feeding organisms, as well as
oxidation or further reduction by chemical or biclogical means

will still pose a threat to the ecosystem.
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Water-quality sampling in the delta area of the Alamo River was done to
determine type and location of the interface between the river and the sea and
the parvitioning of selenium between the water and sediment. Water and
botrom-sediment samples were collected and specific conductance, temperature,
pH, and dissolved-oxygen were measured in August 1988, February 1989, and
August 1989. No bottom sediments, however, were analyzed for the Augusc 1989
sampling. Sampling-site locations are shown in figure 32. Because the
detection limit for aqueous selenium is 1 ug/L and the selenium concentration

in the Salton Sea is about 1 pg/L, little information about selenium processes

can be determined from any areal water sampling of the Salton Sea.
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>

Figure 32. Areal distribution of selenium in bottom sediments at the southern

end of the Salton Sea.
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Specific-conductance values, along with concentrations of selenium, .
indicated the presence of a narrow zone of mixing between high-salinity Salten

Sea water and low-salinity river water. This mixing zone was located at sice

10 (see fig. 32) about 200 fr seaward of the end of the levee on the left bank

of the Alamo River. Water at this site was less than 3 £t deep. The specific

conductance at a depth of 1.3 ft was 5,000 uS at a temperature of 30.9 °C and

a dissolved-oxygen concentration of 4.2 mg/L (saturavion 56 percent). At the

bottom, at a depth of about 3 ft, the specific conductance was 51,000 uS at a

temperature of 30.3 °C and a dissolved-oxygen concentration of 1.2 mg/L

(saturation 18 percenr). The selenium concentrations were 8 pg/L acr 1.3 ft

and less than 1.0 pg/L at 3 ft. These data indicate that the relatively high-

selenium river water is mixed with and diluted (with respect to selenium
conecentration) by the low-selenium Salton Sea water--and, conversely, the low-
salinity river water is concentrated (with respect to salinity) by the high-
salinity water of the Salton Sea. The few samples collected in this study
indicate that selenium in the Alamo River, on the river side of the interface
(between sites 9 and 10), is a mixture of selenate and selenite. The total-
selenium concencration measured at this site during this limited June 1989
sampling was 6.35 pg/L, with 2.56 upug/L as Se(+1IV) and 3.79 pg/L as Se(+VI),
These concentrations show that a significant portion of the selenium flowing

intc the Salton Sea is in reduced form. At the interface (site 10), total

selenium is below the detection level of 2.4 ug/L; Se(+IV) is 1.79 ug/L; and

Se(+VI) is belew the detection level of 0.2 ug/L.
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The water-quality measurements made througnhout the delta indicate chmet
some stratification is present in the water column. Dissolved-oxygen
saturacion indicares a eutrophic system where oxygen saturation is greater

than 100 percent during daylight hours. The night of August 24, 1988, s

[~

tropical storm swept through the imperial Valley carrying high wind and heavy
rainfall. Although the prevailing winds are out of the northwest, winds in
this storm wers from the southwest. Observations made the morning of August
25, 1988, indicated that algal macts from the embayments on the southern end of

che Salton Sea were carried toward the main body of the sea. As the

prevailing winds reescablished, a ring of dead fish was observed off the delta

of the Alamo River. Measurements of dissolved-oxygen concentration during the

morning of August 25th revealed saturations that were substantially lower chan

those normally observed (less than 30 percent of normal) during daytime

sampling. Conditions returned to normal later on August 25th as the

prevailing northwest winds blew the algal mats back into the embayments on the

southern end of the Salton Sea. Bottom sediments in the southern end of the

Salton Sea are anaerobic. These sediments stirred up by the storm exerted an

immediate oxygen demand on the overlying water column, resulting in lowered
levels of oxygen saturation. To demonstrate cthis effect, dissolwved-oxygen
concentration was measured, at site 17 on February 16, 1989, and found to be

35.6 mg/L, giving a saturation of 336 percent. The bottom sediments then were

agitated, using a paddle from the airboat, and dissolved-oxygen concentration
was remeasured. The remeasurement indicated that dissolved-oxygen

concentration had decreased to 21.1 mg/L and saturation had decreased to 214

percent.
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Measurements made during the winter indicare large-scale changes in>
Jater vemperature. but the remaining properties and constituent concentrations
were the same as during summer. The mixing zone was locared in the same area,
although the depth was only 2 ft. Specific conductance at the surface was
7,400 pS, with a dissolved-oxygen concentration of 12.2 mg/L (sacturacion 112
percent) and a selenium concentration of 8 ug/L. Near the botrom at 2 fr, the

specific conductance ranged from 34,000 to 40,000 pS, with a dissolved-oxygen

concentration of 21.% mg/L (saturation 210 percent).

Bottom-sediment samples were collected at sites througnout the Alamo

River delta. Results for these samples are presented as total-selenium

concentration, in milligrams per kilogram or parcts per million. Selenium

concentrations in bottom sediments from the Alamo River were 0.2 mg/kg at sice

1 (Garst Road) and 0.3 mg/kg at site 2 (see fig. 32). At the remaining delta-

area sites, selenium concentration in the bottom sediments ranged from 0.3 to
2.5 mg/kg. Although two adjacent sites in an embayment had relatively high

selenium concentrations, 1.3 and 2.3 mg/kg, there was no apparent pattern to

the areal distributien.
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EFFECTS OF SELENIUM AND OTHER CONSTITUENTS ON BICTA >
Selenium

The agricultural use of irrigation water has contributed to the

enrichment of selenium in water, sediment, and biota throughour the Imperial

Valley (Setmire and others, 1990). Selenium also has been detected at

elevared levels at many other agricultural drainwater projects throughout the

Western United States. When found in excessive amounts, selenium is of
concern because it has been linked direccly te lechal and sublethal effects on

fish and wildlife (Ohlendorf and others, 1986).

One of the most important factors of selenium toxicity in aquatic
systems is the ability of aguatic organisms to accumulate selenium at
concentrations much greater than concentrations in water, sediment, or food
items. This excensive biocaccumulation results because selenium is an
essential micronutrient and is chemically similar to sulphur (Lemley & Smith,
19871} .

Bioacecumulation of selenium in birds from elevated dietary levels has

been found to impair reproductiomn (Ort and Latshaw, 1978; Eisler, 1985; Heinz

and others, 1987; Ohlendorf, 1989). Field studies in areas of selenium-laden

agricultural drainwater have shown embryonic mortality and deformities in
water birds attribuctable to the adverse effects of selenium (Ohlendorf and

others 1986a, 1986b; Schroeder and ochers, 1988). One of the primary

objectives of this study was to determine if selenium-enriched irrigatiom
drainwater was causing adverse biological effects, such as impaired

reproducction in water birds at the Salton Sea.
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Selenium concentrations in biotic samples collecred from the Salton Bea

Ta}f*“ZW":rea during 1988-90 are summarized in ctable 2. Although selenium was found at
) s wt

nearNeit .11 trophic levels, concentrations tended to increase with increasing trophic

level. indicating biomagnification. Biomagnificatvion is the process in which
a contaminant, such as selenium, is accumulated by lower level organisms in
the food chain and increases in concentration as it 1s passed up the chain
when higher organisms feed on lower organisms. This magnification is due to
the increased emergy needs and inefficiency of energy transfer from one
trophic level to the mext higher level, which can result in an imbalance
between contaminant intake and eliminztion. Recent studies on fish (Lemly and

Smith, 1987} show that biomagnificacion of selenium dees cccur in aquatic food

chains.

The general trend of higher selenium concentrations in biota from the
Salton Sea in comparison with concentrations in river/drain sites was similar
to the trend found in bottom-sediment samples (Setmire and others, 1990). As
reported in Eisler (1985), this trend also may be due, in part, to the finding

that higher selenium concentrations are found in estuarine and marine

organisms than in freshwater organisms. Limited sampling in areas not

affected by agricultural drainwater, such as San Felipe and Salt Creeks,
indicates the presence of significant local sources of selenium for

bioaccumulation in plants and fish (table 3).
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Aquatic Vegetation >

Algae.--Selenium in algae throughout the Salton Sea had the lowest
concentracions of all biota sampled, (table 9). Although there were some
species differences between mean selenium concentrations, most were below
normal algae concentrations of 1.0 ug/g DW (Ohlendorf, 1989). Comparisons of

TAB:i;é?“'"green filamentous algae from Salton Sea with other locations (table 10} show
nes

et AT

chat selenium conceutrations are above those of Volta WMA (reference site),
comparable to those of another drainwater site (Fernley WMA), and weil below

those of a highly contaminated drainwater sirte (Kesterson Reservoir).

Emergent Vascular Plancs.--Cattail was the only vascular plant sampled
during this study. Selenium concentrations in cattails from three
agricultural drains were below detection limits. However, selenium was
detecred at a low level (1.l pg/g) in cattails from one of two creeks mnot
heavily affected by drainwater (table 9). Comparisons of Salton Sea data with

ma—nre——.

TABLE I\ data from other areas (rable 11) show that selenium concentrations in cattail
near here

Trom these two creeks are below the 1 ug/g DW normal level (Chlendorf, 1989),

and well below Kesterson NWR values.
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Aquatic Invertebrates >

Harine inverctebrates.--Invertebrates collected from the Salton Sea had
selenium concentrations ranging from 0.8 to 12.1 ug/g DW (table 9)  Pileworms

had a higher mean selenium concentration than pelagic invertebrates such as

waterboatmen. Also, a comparison of the highest selenium concentrations shows
pileworms to be about four times higher than pelagic Invertebrates. This
difference can be explained by the substantially higher selenium concentration

in sediment where the pileworms reside as contrasted to very low

concentrations in the water column, the habitat for pelagic invercvebrates.

Selenium concentrations in waterboatman (table 12) were lower for che

ﬂung F2= Salton Sea in comparison with another drainwater-impacted area (Ferniey WMA),
af bare

much lower in comparison with Q heavily impacted area (Kesterson NWR), but
slightly higher in comparison with a reference area (Volta WMA). (In this
report a reference area is defined as an area not affected by agricultural
drainwater.) Waterboatman is an important food resource consumed by a variety
of birds, including the resident black-necked stilt; therefore, selenium would

be expected to bicaccumulate in Salton Sea birds above levels found at

reference areas, but well below those found In areas heavily impacted by

drainwater.
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Freshwater Invertebrates.--Mean concentrations for crayfish and Asiatic
river clams (table 9) were close to or below wvalues (about &4 ug/g DW)
generally detected in freshwater invervebrates (Ohlendorf, 1989). aAsiatic
river clams collected from five different drains had a mean selenium

concentration of 4.4 pg/g WW and a range of 2.6-6.4.

Comparable selenium data for freshwater mollusks are scant in the
licerature. A study by Winger and others (1984) documented selenium ﬁ;;/
bioaccumulation in Asiatic river clams from the Apalachicela River in Florida;

the concentration of 0.7 ug/g WW is comparable to concentrations of 0.8 and

0.6 pg/g WW in the Wister and Johnson Drains in the Salton Sea area.

Clams from the Wister Wildlife Management Area and Johnson Drain had the
lowest selenium concentrations (2.9 and 2.6 pg/g DW), and those in the ‘
Trifolium Drain and New River had the highest concentrations (6.3 and 6.4 ug/g
DW). These results show that clams from major drains and rivers affected by
significant drainwacer inflow are biocaccumulating selenium above the &4 ug/g
value typically found in freshwater inverctebrates (Ohlendorf, 1989); in
contrast, clams in areas with minor drainwater inflow had concentrations below
4 pgs/g. Thus, the Asiatic river clam is an excellent selenium biomonitor

because it is a permanent sessile benthic resident and it bioconcentrates

selenium in relative proportion to drainwater inflow.
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In situ biocaccumulation results from the biocassay of transplanted >
Asiatic river clams are shown in figure 33. During the first 4 months,
selenium was bicaccumulated about 1.4 times above the initial concentrations
in the Trifelium Drain. Clawms collected in the Trifeolium Drain in May 1990
showed a slight decrease from initial concentration, and a significant
decrease from peak concentrations. Because biocassay clams were not sampled on

a more regular basis, it is not known whether selenium concentrations actually

decreased or Lf the May 1990 sample is an outlier. Data from indigenous clams

taken from the Trifolium Drain at the same time as the biocassay clams had a
selenium conecentration of 6.3 ug/g DW. This concentration is lower than che

highest concentrations (7.5 pg/g DW) in bioassay clams, but above the May 1990

transplanted-clam concentration of 4.4 ug/g DW. Any furture clam bicassays

should ensure that sampling is performed on a more frequent and regular basisz
and that duplicate samples are included to better assess fluctuation in

selenium loading and concentrations. Clams from the bicassay in the Alamo

River (fig. 33) showed relatively little change in selenium concentration

during the first 4 months.
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>

Figure 33. Selenium bicaccumulacion in transplanted Asiacic river clams,

1989-90.
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Fish >

Selenium concentrations in fish from wvarious areas within the Imperizl
Valley are given in table 9. Marine fish from the Salton Sea had
significantly higher selenium concentrations than freshwater fish from
irrigation drains. Mosquitofish and sailfin mollies from San Felipe and Salt
Creeks, not affected by irrigation drainwater, had significancly more selenium
than fish from Young, Wister, and Johnson Draims, which have moderate
irrigation drainwater inflow. However, data from the Salton Sea
reconnaissance investigation (Setmire and others, 1990) show that the
mosquitofish and sailfin mollies from Trifolium Drain and New and Alamo
Rivers, all of which receive major irrigation drainwater inflow, hzad selenium

concentrations comparable to those in fish from San Felipe and Salct Creeks

“Eigt:iz::(table 13). San Felipe Creek, along with major drains and the New and Alamo

_2ar here

Rivers, has been shown to have elevated selenium concentrations in water

samples (Setmire and others, 1990), in correlation with the higher selenium

concentrations in fish.

A comparison of mosquitofish from Salton Sea area with fish from other
locations shows that selenium concentrations in Salton Sea fish were well
belew concentrations in fish from Kesterson NWR, but above those at Volta WMA
(reference area). Selenium concentrations in fish from minor Salton Sea
drains were comparable to those in fish from Fernley WMA; fish from Trifolium
Drain, which receives major amounts of agricultural drainwater, had the

highest concencrations other than fish from Kesterson NWR.
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Excessive accumulation of selenium can seriously affect the fishes 2und

sport fishery of the Salton Sea (Saiki, 1990)  smong sensitive species,

whole-body selenium concentrations greater than 12 pg/g DW may be sufficiently

elevated to cause reproductive failure (Lemly and Saich, 1987). Only one

sample of a freshwater species, rhe mosquitofish, collected from the Trifolium

Drain was above this threshold. Reproductive failure often is accompanied by

defarmities in embryos and young. However, no mosquitofish sampled during

this study or the reconnaissance investigation showed any signs of
deformities. Mean selenium concentration in fish from major agriculcural
drains, including the Trifelium Draim, of 10.8 ug/g DW (table 12) is well

above the lowest concentrations (5-8 pg/g DW) shown to affect reproduction in

warmwater fish (Lemly, 1986). It is not known if selenium in major drains has

historically or is currently affecting forage-£f£ish populations.

Marine fish from the Salton Sea had whole-body selenium concentrations

above the 12 pg/g DV reproductive threshold reported by Lemly and Smith

(1987). However, the toxic threshold concentrations for selenium in cissues

of marine fishes--such as bairdiella, orangemouth corvina, and sargo--found in

rhe Salton Sea are unknown (White and others, 1987). Although Salton Sea fish

contain elevated selenium body burdens, recent observations suggest that they

srill are able to successfully reproduce (Hagar and Gareia, 1988).
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Even thougn Salton Sea fish genmerally continue to successfully >
reproduce, recent data have shown significant decreases in the number of eggs
and larvae of t©wo important forage fish, bairdiella and sargo (Matsui, 1989).
in addition to this reproductive decline, Matsui also documented deformities
in ichthyoplankton that were attributed to ambient contamination. The
malformatioens, that were predominantly retarded cephalic development, have
been previously reported following exposure of fish te a variety of
anthropogenic contaminants, including pesticides and mectals (Matsui, 1989).
Selenium is known ta cause deformities inm fish (lemly and Smicth, 1987) and is
above the reproductive threshold of 12 ug/g DW in bairdiella; thus, it may be

parrially or fully responsible for the observed deformities.
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Amphibians and Reptiles >

Selenium concencrations in two species of herprofauna collected from the
New River and several drains are shown in table 9. Levels in whole bullfrogs
from the Salton Sea area of 3.6-5.4 ug/g DW were below the 6.2 pug/g DW levels
found in bullfrogs (liver tissue) from a "normal” background site in San
Joaquin Valley and well below the 45 pg/g DW value found in livers of
bullfrogs from San Luis Drain at Kesterson NWR (Ohlendorf and ccthers, 1988).
However, selenium is preferentially stored in the liver, and liver
concentrations usually are higher than whole-body concentrations. Therefore,

Salton Sea bullfrogs probably have selenium levels that are above normal

values, but still well below levels found in bullfrogs from nighly

contaminated sites.

Livers of spiny softshelled turtles collected in several drains had
selenium concentrations that ranged from 8.0 to 14.0 pg/g DW. No comparable

data for selenium levels in turtles were found in the literature. However,
mean selenium levels in Salton Sea area turtle livers of 10.3 ug/g DW were
comparable to levels found in gopher snake (Pituophis melanoleucus) livers ac
Kesterson NWR of 11.1 pg/g DW and well above reference levels of 2.1 pg/g DU
at Volta WMA and 2.1 ug/g DV in Grasslands Water District (Ohlendarf, 1988).
The selenium concenctrations found in reptiles at Kesterson NWR were

sufficiently high to warrant concern about potential effects in those animals

and their predators (Ohlendorf, 1988). ﬂ;

)
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Birds >

Effects of selenium bicaccumulation on birds in the Imperial Valley was
a major focus of this study. This type of problem was first documented at
Kesterson Reservoir in the San Joaquin Valley of California, where selenium
from agricultural drainwater bioaccumulated to sufficiently high levels in the

food chain to cause mortality and impair reproduction of aquatic birds

(Ohlendorf, 1989).

Because the liver is one of the major organs in vertebrates for

detoxifying and eliminating selenium, it is the standard tissue for selenium

analysis. "Normal" dry weight selenium liver concentrations for freshwater

aquatic birds as reported from several field studies is between 4 and 10 ug/g.
Results from this study (table 9) show that the northern shoveler, coot, and
white-faced ibis all had some liver concencrations above the "normal" wvalue,
and the mean concencration in shovelers (19.1 ug/g DW)

was almost twice the

normal concentration.

However, the concentrations of selenium in bird livers that can be

diagnostic of harm or injury are uncertain. The best information available

(Beinz, 1989) indicates that when livers contain about 20 pg/g or more of ;ﬁf
(&

. re

selenium on a wet-weight basis, heavy exposure has taken place that should be f

considered a possible threat to survival. Even concentrations as low as 10

pg/g could be harmful to more sensitive species and should be of concern.
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The selenium exposure levels of birds from the Imperial Valley are 7
FIGUREm b illustrated, using the preceding informacion, in figures 34 and 35. Of the
near here .. birds using the Salvon Sea (fig. 34), only the double-crested cormerant and
the eared grebe had liver concentrations above the 10 pg/g WW area-of-concern
threshold, and no species were heavily exposed (that 1s, no concentrations
were above the 20 pg/g WW heavy-exposure threshold). Of the birds using
freshwater habitats within the Imperial Valley, only one species, the northern
shoveler, had selenium concentrations above the 10 ug/g WW area-ocf-concern
threshold (£ig. 35). On the basis of this analysis, aquatic birds from the
Imperial Valley have not been exposed to selenium concentrations sufficiencly
high to threatem survival of adult birds. However, several species have

slevared (area of concern) concentrations that may result in adverse chromnic

or sublethal effects, ineluding reproductive problems.



PRELIMINARY SUBJECT TO REVISION June 24, 1991

>

Figure 34. Selenium exposure levels in livers of water birds and shorebirds

utilizing the Salton Sea.
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Figure 35. Selenium exposure levels in livers of water birds and shorebirds

ueilizing rivers and drains.
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Migratory birds.-- Selenium-concentration data for migratory water bPrds
are given in table 9. Of the two waterfowl species, the northern shoveler had
higher mean selenium concentrations in liver and muscle, as well as a higher
range, than the ruddy duck. There were nmo comparable data from other studies
for ruddy ducks; however, liver data for Salton Sea shovelers (mean
concentration, 19.1 ug/g DW) were comparable to data for three other species
of dabbling ducks collected from San Joaquin Valley sites contaminated by
agricultural drainwater (19.9 upg/g DW) and well above the reference-area value
of 8.4 pg/g DW (Presser and Ohlendorf, 1987). Comparisons with hiscorical
data collected in the Imperial Valley by Koranda and others (1979) show that
selenium levels in shovelers have increased by more chan 22 percent (from 15.6
to 19.1 pg/g DW). This demonstrates that northern shovelers wintering ac the
Salton Sea are accumulating a significant loading of selenium and that buildup
in bird livers occurs rapidly after the birds arrive at the sea (7.8 days to
reach 95 percent of peak concentration in mallards) and is maintained at an
equilibrium in proportion to dietary selenium intake (Heinz and others, 1990).
Also, selenium bicaccumulation in waterfowl seems to be increasing over time
in the Imperial Valley as selenium loading from agricultural drainwater inflow
continues. However, the high levels accumulated at the sea probably could be
eliminated (75 percent loss after 2 weeks from a high to a low selenjum diet;
Heinz and others, 1990) if birds migrating to the northern breeding locations

consume 1ow concentrations of selenium in their diet.
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Liver selenium concentrations in Salton Sea ruddy ducks collected i? the
autumn when they arrive, 1 month later, and then again in the spring when they
leave were not statistically different (one-way analysis of variance (ANOVA) ,
F=1.470, P< 0.2471). However, if migratory birds are not sampled within
approximately 1 week of arrival at the sea, it is not possible cto determine if
selenium concentration is being elevated at the sea, or if ic already was
elevared prior to arrival, Nevertheless, it is apparent thac an equilibrium
at an elevated level of selenium in ruddy ducks is being quickly established

while wintering at the sea. This selenium load may be reduced as birds leave

the sea if subsequent diets along the Pacific flyway contain less selenium.

The mean selenium concentration in liver of white-faced ibis collected
from south Brawley in the Imperial Valley was 7.4 pg/g DW (table 9), which is
comparable to concentrations in livers of ibis from the drainwacer-
contaminated or influenced Carson Lake, Nevada (10.7 and 8.6 pg/g DV for males
and females, respectively, Hemny and Herrom, 1989). Male birds have higher
levels because females excrete selenium via eggs (Margat and Sell, 1979},
however, selenium concentrations in ibis eggs from Carson Lake {(geometric
mean, 1.9-5.4 ug/g DW) did noc have any significant effect on hatchling
productivity teo the age of 7-10 days (Henny and Herrom, 1989). Because Salton
sea ibis had lower concentrations, it can be concluded that the selenium load
they accumulate while overwintering at the sea will not have any immediate

adverse reproductive effects at the breeding grounds.
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Eared grebe livers from Salton Sea had the second highest mean sele®ium
concencration in biota of 12.7 ug/g DW and levels as high as 35.1 ug/g DW
(table 9)}. The mean value was twice as high as the mean for grebes from
uncontaminated areas in the San Joaquin Valley (5.6 pg/g DW). but an order of

magnitude below the value for grebes from contaminated sites (Presser and

Ohlendorf, 1987). These small fish-eating birds feed on small forage fish

such as the mudsucker, which have less selenium (6.1 ug/g DW) than the larger

forage fish such as bairdiella (12.9 upg/g DW). This may explain why a larger

piscivorous bird from the sea, such as the double-crested cormorant, had twice

as much selenium in the liver in comparison with eared grebes.

Resident birds.--Selenium concentrarions for three residenc Salton Sea

birds are given in table 9. Because resident birds are contimually exposed to

selenium from agricultural drainwater within the Imperial Valley, they
represent a "worst case" scenario for several trophic levels. The only

nesting species extensively investipated in the Imperial Valley was the black-

necked strilt. Selenium in bird eggs strongly predicts embryotoxicicy, and the

toxicity to avian embryos is one of the most rescrictive conscraints for

managing agricultural drainwater (Skorupa and Ohlendorf, 1991).
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Selenium data for eggs show that mean values for the Salton Sea areaXare
comparable to those for Grasslands Water District; somewnat higher chan Volta
WMaA wvalues; buc significantly iower than Kesterson NWR values (table 14). The
Salton Sea mean value of 4.3 pg/g DW is about 43 percent above the avian
contamination threshold of 3 pg/g DW (Skorupa and Ohlendorf, 1991)--although
this value was established for nommarine environments. The distribution of
celenium in Salton Sea stilt eggs, however, (fig. 36) indicates that for same
levels the probability of embryotoxicity (death or deformity)} is greater than
20 percent. For the highest selenium cancentration (35 pg/g DW), the
probability of embryotoxicicy, on the basis of the relation bectween

embryotoxicity and selenium concentration in stilt eggs at Kesterson NWR

(Ohlendorf and others, 1986), is about 60 percent. Five other stilt eggs had
concentrations greater than 10 pg/g DV, che level at which the minimum
probability of hatching failure begins (Ohlendorf and others, 1986). The

majority of Salton Sea stillt eggs, however, had selenium values for which

predicted embryotoxicity is low ( less than 10 percent).

1170
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Figure 36. Cumulative distribution of selenium in black-necked stilt eggs

from the Salton Sea, 1988-89.
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The expected incidence of major external deformities in hatchlings o¥f
uncontaminated wild populations of birds is less than 1 percent when selenium
in eggs generally is less than 3 or & pg/g DW (Ohlendorf and others, 1986a).
The incidence of abnormalities observed during 1983 at sctilt nests in
Kesterson Reservoir, where the mean selenium concentration in eggs was 32.7
pg/g DW, was 16.8 percent (Ohlendorf, 1989). Data for the Salton Sea area
indicate that 5 percent of stilt eggs from the Imperial Valley have at least a
10-percent probability of hatching failure or embryotoxicity when the mean
selenium concencration is greater than 4.3 pg/g DW. However, an extensive
survey of 66 stilt nests at Salcton Sea during 1989 revealed no external
abnormalities in chicks (R.A. James, U.S. Fish and Wildlife Service, oral
commun., 1990), but addled eggs were not examined. A moxe extensive nesting

survey would prove useful bectter documenting percentages of deformities and

(or) embryotoxicity in stilts nesting in the Imperial Valley.

A comparison of Salton Sea data for black-necked stilt liver (Setmire

and others, 1990) with data from other locations {table 15) shows mean

—
TABLE 45—

nearhere _selenium levels at Salton Sea to be three times higher than those found at a

site not affected by drainwater, Volta WMA, and one-half of the mean reported
at Kesterson NWR. The stilt liver concentrations from this study alse closely

agree with data from 20 srilcs collected by California Department of Fish and

Game from the Salton Sea in 1986 (White and octhers, 1987). Thése values were

all below the 20 pg/g WW heavy-exposure threshold reported by Heinz (1989),

T e
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In concrasr with stilts, mean selenium concentratiocn in coot livers >
(table 9) collected in 1989 was within the 4 to 10 ug/g DW "normai" range
found in freshwater birds (Ohlendaorf, 1989). Salcon Sea coot liver

concentrations for 1986 samples (Setmire and others, 1990) were slightly

higher than those for 1989. A comparison of coot liver selenium data (table

16) shows that the Salton Sea mean concentration is about twice as high as
that for Velta WMA but only abour one-seventh the concentration for coots from
the heavily contaminated Kesterson NWR. Even though selenium concentrations
in Salton Sea coots are higher than those for areas not affected by
agriculeural drainwaver, the concentrations generally are within "normal®

ranges and well below any values shown to cause CtoXicosis in wild aquatic

birds (Ohlendorf and others, 1988).

Endangered birds.-- An endangered Yuma clapper rail salvaged from the
southeast Salton Sea at Wister WMA had a whole-body selenium concentration of
4.8 pp/g DW. This is within the range carcasses from Yuma clapper rails
salvaged in the lower Colorado River of 3.3-5.2 ug/g DW (Kepner and others,
1990). Livers from the lower Colorado River rails had a mean selenium
concentration of 25.3 ug/g DW, with values as high as 38.9 ug/g DU. These
selenium levels were similar to those found in water birds at Kesterson NWR,

where significant reproductive failures have been documented (Ohlendorf,

1989) .
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Food-Chain Relations >

Selenium cycling in aquatic ecosystems has been thoroughly discussed by
Lemly and Smith (1987). As depicted in figure 8§ in the "Dev:lopment of
Sampling Methodology” section of this report, dissolved selenium contribuced
by sources such as irrigation drainwater firsr is incorporated inco lower

trophic levels (plants and invertebrates). From there, the pathway can go

directly into small forage fish and then birds, or biologically incorporated

selenium can be deposited into sediment. Selenium that has accumulaced in

sediment then can be cycled back into the biota and remain at elevated levels

for years after selenium input has ceased.

The most important selenium pathway in the Salton Sea includes
accumulation by benthic invertebrates, particularly pileworms, and subsequent
intake by detritus-feeding fish and fish-eating birds (fig. 37). 1t is

apparent that as selenium is transferred through successive trophic levels in

the food chain, selenium concentrations increase (that 1is, biomagnificacion

ccours).

The generalization that lower-trophic-level consumers have selenium

concentrations that are 2 to 6 times higher than those of primary producers
{Lemly and Smith, 1987) is valid for the Salton Sea (fig. 38). Selenium
thresholds for water-bird food items (Heinz and others, 1987) are exceeded in
the Salton Sea arez only in larger forage fish and predavory fish (fig. 38}).

Thus, the larger piscivorous birds such as browm pelicans and double-crested

cormorants are at greatest risk of adverse affects from selenium.

183
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Figure 37. Selenium pathway in the Salton Seaz.
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Figure 38. Selenium concentration in food-chain organisms of the Salton Sea.

185
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In contrasc te the Salton Sea, water in the rivers and drains is >
flowing, thus reducing the opportunity for a contaminated surface layer of
sediment to develop. It is in this surface layer that biocaccumulation in
plants and in benthic fauma generally occurs. Selenium is inctroduced into

these habitats as a result of higher concentrations in water rather than in

sediment. This conclusion is supported by selenium data from Setmire and

others (1990} showing that selenium concentrations in sediment are lower in

rivers and drains than in the Salton Sea, but that concentrations in water are

higher in rivers and drains then in the sea. Bieclogical selenium pathways in

gnuggigh_ rivers and drains of the Imperial Valley are depicted in figure 39.
nae -

A—————s——,

In

comparison with the selenium pachway in the Salton Sea, the main difference is

lower bicaccumulation at the highest trophic levels. Large birds feeding in

the rivers do not asccumulate nearly as much selenium as those feeding in the

Salton Sea. In the rivers and drains, selenium enters the food chain through

water, and accumulation from sediments is much less than in the sea. Another

factor is that birds such as great blue herons are opportunistic feeders; they

forage in various habltats, including agricultural fields, where selenium may

not be accumulating in the prey, On the other hand, piscivorous birds such as

double-crested cormorants feed almost exclusively in the sea and entirely on

fish that have elevated selenium concentrations.
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Figure 39. Selenium pathway in rivers and drains.

187



PRELIMINARY SUBJECT IO REVISION June 24, 1991

\

Selenium bicaccumulation in food-chain organisms for rivers and draims

GURLAp  (Tig. 40) shows an increase in concentration as trophic level increases. This

1pgt here

trend is similar to that for the Salton Sea food chains, but wicth slightly
lower values for similar trophic levels. Also, concentrations atr the highest
trophic level are only one-half those in the sea. For birds feeding in the
rivers and drains, mean selenium concentrations for all trophic levels are ac
or below the possible-threat-to-survival threshold (fig. 40). However, the
range of concentrations for some species, especially forage fish, extends well
above the threat-to-survival threshold. Birds feeding on these fish in the

rivers and drains could be exposed to concentrations that affect reproduction

(7 pg/g DW) and acrual long-term survival (10 ug/g DW) (Heinz and others,
1990).
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Figure 40. Selenium concentration in food-chain organisms of rivers and

drains.

189
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Results from past contaminant studies have shown that selenium is the
only inorganic drainwater constituent that has been associated with abnormal

development among water birds {Ohlendorf and others, 1986a; Hoffman and

others, 1988). However, recent studies by Smith and Anders (1989) and Hoffman

and others (1990a) demonstrated that dietary boron concentrations well below

levels that occur in the environment represent potential adverse reproductive

effects on waterfowl. In addition, evidence from other studies summarized in

Eisler (1990) found that boron in both boric acid and borax forms produced

mortality and teratogenicity during development when injected into bird eggs.

Boron concentractions in biotic samples collected in the Salton Sea

during 1988-90 as part of this study are summarized in table 17. Boron was

found to bicaccumulate at most trophic levels: however, there was no

indication of biomagnificacion through food chains. The data, on the

contrary, reflect a biominification in both marine and freshwater food chains.

This trend in boron bioaccumulation alse is evident in data from Jenkins
(1980}, Schuler (1987), Schroeder and others (1988), Eisler (1990), and Lemly
(1990).

Boron concentration in biotz, in a pattern similar to that in water

(Setmire and others, 1990), generally was higher for the Salton Sea than for

the rivers and drains (table 17). Limited sampling in areas not affected by

agricultural drainwater, such as San Felipe and Salt Creeks, suggests that

local sources of boron exist in the Salton Sea drainage.
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Agquatic Vegetation .
Algae.--Algae collected from the Salton Sea had the highest

concentrations of boran found in any biological samples (table 17). No
adverse effects on the algae itself are known to occur at conecencracions (as
high as 390 ug/g DW) detected in Salton Sea samples. In fact, boron
concentrations of 11,000 pg/L in water of the Salton Sea (Setmire and others,
1990) are comparable to values found to be stimulatory to some marine algaes
(Anita and Cheng, 1975). On the basis of data in Jenkins {(1980), Salron Sea

algae have boron concentrations as much as three times higher than those of

marine algaes from areas not affected by contamination. Boron concentrations
ﬂﬁiftﬁi::zn filamentous green algae (table 18) from the Salton Sea are similar to those
neat here found at Stilllwater WMA. The Salton Sea concentrations are somewhat lower

than concentrations in algae from Kesterson NWR, and higher than

concentrations at other drainwater-study reference sites.
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Submerged vascular plants.--Submerged aquatic vascular vegetation was
collecred from Trifolium/Vail Draims only during the reconmaissance

wiifijﬁmninvestigacion (Setmire and others, 1990). As indicated in table 19, che boron

mRar etk

concentration of the Salton Sea sample was within the range for other

submerged aquatic vegetation collected from drainwater-contaminated areas such

as Kesterson NWR, Stillwater WMA, and Carson Lake. The Salton Sea sample was

2.2 to 20.6 times higher in boron concentration than values reported in

Jenkins (1980) for plants of the same genus (Poromageton sp.) in

unconcaminated areas. Schuler (1987) found seeds of submerged aquatic

vegetation to be considerably higher in boron than whole-plant ccncencrétions
and that boron concentrations also were higher in the winter months. The
pondweed samples from Trifolium/Vail Drains were collected in December 1986
and (the seeds especially) may represent the highest level of boron

encountered by wintering waterfowl feeding in the rivers and drains of the

Salton Sea area.

Emergent vascular plants.--The highest boron concentrations found
outside the sea were in cattalls collected in San Felipe and Salt Creeks.

This probably represents biocaccumulation from a natural source of boron

unrelated to drainwater. These values are considered high in comparison with

reported values (15.0-30.0 pg/p DW, Adams and others, 1973). Substrate
concentrations as low as 15 ppm (Maas, 1986) have been reported to be toxic to

agricultural plants; however, tolerances of aquatic plants are not known.

i0n
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Aquatic Invertebrates

Harine inverrvebrates.--Pileworms collecred in the Salton Sea had the

highest boron concentrations of sampled aquaric invertebrares (table 17). A

composite sample of pileworms, amphipeds, and waterboatmen (reprﬂsenting a
typical water-bird diet) yielded a boron concentratiaon of 20 ug/g DW, which is
elevared in comparison with other food items analyzed but well below

concentrations for pileworm composites. The waterboatman/amphipod compeosite

had a similar value of 21 ug/g DW. A composite sample of only waterboatmen

yielded a boron concentration less than the multiple-species composite and
comparable to concencrations in waterboatmen collected from a drainwacer-sctudy
raference (not affected by drainwater) site (Volta WMA; geometrric mean 11.8,

range 7.4-21 ug/g, DW) used for the Kesterson NWR wetland contaminant study

done by Schuler (1987).

Freshwarer Ilnvertebrates.--In an efforr to determine porential
bioconcentration of boron and other contaminants in invertebrares from river

and drain sites, an in situ bioaccumulation biocassay was done. Asiaric river

clams collected from the Colorado River and transplanted in rhe Trifolium
drain and in the Alamo River showed a biominificacion of boron over time

preceded by an initial increase in boron (fig. 41). The inictial increase in

boron concentration detected in early March was related to increased

agricultural activity (thus, increased water use). As sediment loads and

drainwater volumes stabilized during the growing season, boron concentrations

in the ctransplanted clams decreased. Crayfish sampled from the river and

drain sices had non-quantifiable levels of boron.
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Figure 41. Boron bicaccumulation in transplanted Asiatic river clams.
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asccording to Eisler (1990) most invertebrates generally can colerac%
boron in the water column at concencrations as high as 10 mg/L for extended
periods without adverse effects. However, exposure to 13.6 mg/L of boron over
a 21-day period has been shown to cause a reducrion in number of breods, total
young produced, mean brood size, and mean size in Dapniz magna (Gersich, 1984;
Lewis and Valencine, 1981). Boron-in-water concencrations of this magnitude
(as high as 11 mg/L) exist in the sea but not in the river and drain sites

(Setmire and others, 1990)}.
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Fish >

Samples of forage fish from the river and drain sites (sailfin mollies
and mosquitofish) and one species from the sea (longjaw mudsucker) had
extremely high detection limits (as high as 45 pg/g DW): therefore, boroen
concentrations in all samples of these species were not detectable. However,
substantial biocaccumulation at levels below these detection limits may oceur.
The detected boron level in mosquitofish (one composite; 25 ug/g DW) collected
as part of the recommaissance investigation in 1986 (Setmire and athers, 1990)
was similar to levels found at Kesterson NWR (16.9-25.9 ug/g DW) in 1985
(Hothem and Ohlendorf, 1989) and elevated in comparison with concenrrations
detected in the Stillwater WMA reconnaissance investigation (4.0-6.3 up/g, DW;
Hoffman and others, 1990b) and the San Joaquin River system (2.2 to 9.8 ug/g
DW). Boron concentrations in bairdiella (geometric mean 6.2, range 5.0-8.3
pg/g DW) collected in this study were below levels found previously in
bairdiella collected from the Salton Sea (Saiki, 1990).

The reason(s) for

this difference is unknown. Comparisons of boron concentrations in fish

collected from the river and drain sites (Setmire and others, 1990) with thosze
from the Salton Sea (Saiki, 1990; Setmire and others, 1990) show similar
values, with slightly higher concentrations in foraging fish from the sea.

M.K. Saikl (written commun,, 1990) found that the orangemouth corvina had the _ ";t

lowest boron concentrations of fish inhabiting the sea. There are no known

standards, criteria, or affect levels for boron in fiszh.
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Anphibians and Reptiles

Boron comcentrations in samples of two species of herptofauna from the
river and drain sites (bullfrog and spiny softshelled turtle) were low and at
levels not known to cause adverse effects in these species (Eisier, 1990).
Quancifiable concencrations of boron in prey species of frogs (waterboatman)
and turtles (sailfin molly and mosquitofish; Setmire and others, 1990) were as

much as five times greacrer than in the herptofauna, which indicates that

biominification is occurring.
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Birds >

Migratory birds.--Boren concentrations in bird livers (fig. 42) were
higher in warerfowl (northern shoveler and ruddy duck) than in shorebirds
(coot, eared grebe, and white-faced ibis). Boron in bird muscle tissue was
relatively low, with most samples being below detection limits (table 17).
Birds utilizing the sea and mouths of rivers (marine and estuarine habitarts)
had higher levels of boron than birds feeding in the upper river, drains, and
agricultural fields (freshwater habitats). Mligratory waterfowl (female ruddy
ducks) were sampled in November 1988 on arrival at the sea, 1 month later, and

in March 1989 just prior to departure. As shown in table 20, levels of boron

in liver samples were non-detectable on arrival and increased to quantifiable

levels on departure from the sea. A simple linear regression was performed to

show if the increase in boron concentration from autumn to spring was related
to an increase in bird weight; the regression results showed that the relation

between the weight of birds and boron concentration in liver was random

(r=0.03, F=0.869, P<0.360).

Ruddy ducks had the greatest range of boron concentrations in livers,
and northern shovelers sampled throughout the winter of 1988 had the highest
geometric mean. Ruddy ducks primarily eat pileworms, which are fairly high in
boron, and shovelers feed on plants and planktonic invertebrates, which are
fairly to extremely high in boron; thus, shovelers would be expected to have
higher levels of boron than do ruddy ducks. These species of waterfowl alsoc
may incidentally consume algae, which harbors significant zooplankton biomass

and has the highest boron concentrations found in biological samples of this

investigation.
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>

Figure 42, Boron concentration in livers of wacter birds and shorebirds from

the Salton Sea area.
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Boron concentration in food items of waterfowl at the Salton Sea ranged
from 10 to 390 pg/g DW. Smith and Anders (1989} found reduced weight gain (in
comparison with a conctrol) in ducklings hatched from eggs laid by females fed

diets containing as livtle as 35 pg/g DV of boron. When females in the same

study were fed a diet of 388 mg/kg DW boron, duckling bedy weight, at hateh,
from eggs laid by the female was significantly lower and duckling weight gain
was reduced, in comparison with a control. Corresponding borom liver
concentrations of these adult mallards were less than 3-4 mg/kg DV for birds

fed 15 mg/kg DW and 7-24 mg/kg DW for birds fed 388 mg/kg DW. On the basis of

this laboratory data and boron concentratioms in waterfowl livers collecred as
part of this investigation, warerfowl at Salton Sea are ingesting a diet

containing less than 388 ug/g DW boron, which agrees cleosely wich the acrual

range of boron in food items (10-390 ug/g DW) from the sea. This range also

indicates that growth rates in ducklings hatched from wintering waterfowl

could be adversely affected. However, most waterfowl at the Salton Sea are

migratory and nest elsewhere, making it difficult to determine if acrual
reductions in growth rate or body weight of ducklings is occurring as z resulc

of feeding by adults in the Salton Sea area. As previously discussed, ruddy

ducks sampled just prior to departure from the Salton Sea had boren
concentrations in the liver that were elevated in comparison with to non-

derectable levels when they first arrived. These elevated levels indicarte

that when these birds return to their breeding grounds, they have boron

concentrations that potentially could cause sublethal adverse effects in

ducklings.
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Resident birds.--The only resident nesting species of bird that was ..
examined extensively is the black-necked stilt., <Carcass samples showed low
levels of boron (table 17). Stilt food items consist of waterboatmen,
amphipods, and pileworms, which have boron concentrations that ranged from 10
to 160 pg/g DW. As discussed in Smith and Anders (1989), a diet of 35 ug/g
boron DW was found to cause a reduction in duckling weight gain. In the same
study, corresponding boron concentrations in eggs of ducks fed 35 ug/g boron
DV were 3-4 mg/kg DW. Boron concentrations found in stilt eggs in this
investigation (fig. 43) were as much as two times greater than the

quantitacion limit. Figure 43 illustrates the cumulative distribution of

boron in stilt eggs as it relates to levels found in eggs by Smith and Anders

(1989} .
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Figure 43. Cumulative distribution of boron in black-necked stilct eggs from

the Salton Sea.
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Growth rates of nescling stilts at Salton Sea were compared with thoge
of stilts from a site not affecced by sgricultural drainwater {Balsa Chica,

Orange County, California) in 1988-89 (R.A. James, U.S. Fish and Wildlife

Service, written commun,, 1990). The comparison was made using bird weight in -~ /o
| G
relation to tarsus length and wing length of young stilts. Tarsus and wing e

length are used to predict relative age. Shew and Collins (1990) have found

wing lengths in black skimmers to be an accurate and dependable estimate of

chick age. Coleman and Fraser (1990) found wing length of black and turkey

vultures to be the best predicrtor of age of several variables examined.
Analysis of covariance was used to investigate site differences with respect

to the relation between weight and tarsus and wing lengths. The slopes of

log{weight) in relation to log(tarsus) were significantly differenc (100 x r*

- 97, F = 8.24, P = 0.0003). Thus, the sites are significancly different in

growcth rates for juvenile black-necked stilts. Afcter adjusting for the two

covariants (tarsus and wing length), it seems that black-necked scilt young

from the Salton Sea are significantly smaller (reduced growth rate) than young
from the comparison sites. Although boron concentrations in stilt food items

and eggs are comparable to values known to cause reduced growth in young

birds, other variables may be fully or partially responsible for the reduced

growth rates observed at Salton Sea. GCrant (1982) extensively studied black-

necked stilts at the sea and found that these birds have modified behaviors
for the regulation and maintenance of egg temperatures at below-lethal levels,

the prevention of overheating of adult birds on the nest, and the regulation

of nest humidity. The effects of these modifications on juvenile stilt growth

is unknown.
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Endangered birds.--A salvaged Yuma clapper rail (a Federally endangesed
species) from the southeastern part of the sea at Wister WMA had a whole-body
boreon concentration of 14.0 pg/g PW. The only other data for boron analysis
on Yuma clapper rails, from birds collected on the Colorado River above the
Imperial Dam (Radtke and others, 1988), had concentrations below detecrion
limits (less than 5.0 pg/g DW) for whole-body amalysis. An individual light-
footed clapper rail collected from Seal Beach NWR in coastal Orange County,
Galiformia, had a boron concentration of 34.4 ug/g DW (U.S. Fish and Wildlife
Service, 1990b). No baseline or "normal™ levels of boron are known for
clapper rails; therefore, the sipgnificance of either of these wvalues is

unknown. However, on the basis of comparative levels for other bird species

and the possible sensitivity of the endangered rail, borom is of concern to

this endangered species.
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Food-Chain Relations

Boron is incorporated into the food-chain base from water and sediment
and bicaccumulates to the highest concentrations at the lower trophic levels

(primary producers and primary consumers). Boron cycling examined in this

ﬁEﬁﬁE‘zz“ investigation is illuscrated in figures 44 and 45. In a pactterm similar to

neat nefe

near Neie ..

FiCURE4 A1

that for Kesterson NWR (Schuler, 1987) and San Joaguin Valley ({(lLemliy, 1990},
aquatic vegetation and invertebrates typically accumulated beron to higher

concentrations -han found in surrounding water and sediments. Cancentrations

in aquatic invertebrates were lower than those in plants. Boron concentratioen

in food-chain organisms in the Salton Sea and in river and drain sices is

shown in figures 46 and 47, respectively. Appropriate reproductive thresholds

(from Smith and Anders, 1989) are included in the figures. Organisms have

been arranged in these figures according to relative trophic levels similar to

those of Young (1984). This type of arrangemenc for trophic levels commonly

s considered to be oversimplified. However, the Salton Sea is a relatively

simple new, manmade system (Hagar and Garcia, 1988), in which most trophic

relacions are understood and not complex.
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>

Figure 44 Boron pathway in the Salton Sea.
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2

Figure 45. Boron pathway in rivers and drains.
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Figure 46. Boron concentration in fvud-chain organisms of the Salton Sea,

1986-90.
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g

Figure 47. Boron concentration in food-chain organisms of rivers and drains.
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Invertebrates associated with sediments have higher boron concentratjons
than planktonic invertebrates. Borom concentrations in livers of birds (for
example, ruddy duck) that feed on sediment-bound invertebrates where higher
than whole-body concentrations for plankton-feeding birds (for example, black-
necked stilts). Data from Wells and others (1988), Stephens and others
(1988), and Klasing and Pilch (1988) show the same trend in boron
concentrations for bottom-feeding fish in comparison with pelagic fish. Also,
birds (such as shoveler) that feed on both vegetation and invertebrates had
slightly elevated levels of boron in comparison with birds (such as ruddy
duck) that feed mainly on invertebrates. However, all higher-trophic-level
consumers that feed directly on lower-trophic-level organisms are

bioconcentrating boron at levels known te have chronic reproductive effects on

warerfowl (reduction of weight gain in ducklings and (or)} reduced hatchling

welght).
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Migratory waterfowl had the highest boron concencrations of all types of
birds sampied. Since chese birds are highly mobile, not all sources of boron

can be accounted for in this investigation. It has been documenced, however,

that these birds are arriving at the sea with moderately low levels (mostly
nondetectable) of boron and depart with levels known to cause adverse
reproductive effects. Although residential shorebirds, such as the black-
necked stilt, may be bicaccumulating less boron cthan are wacerfowl,
accumulation of boron is sufficient to cause reduced weight gain in the young.

Piscivorous birds feeding at the Salcon sea alsoc may be bioaccumulacing boron

at levels known to cause reproductive effects. Analysis of data for fish from

the detailed investigation was limir=d, and more information is needed co
determine the potential adverse effects on piscivorous birds such as the

endangered California brown pelican and the double-crescted cormoranc. In

summary, boron is rapidly removed through respiration and (or) excretion from

progressively higher trophic levels in both marine and freshwater food chains

of the Salton sea system. This biominificacion, however, does not prevent

potential adverse reproductive effects on waterfowl and shorebirds that feed

directly on lower-trophic-level food items.
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Oreanochlorine Pesticides

Organochlorine pesticides (0C) were developed during the 1940's and
1950's to help increase food production through the control of pests. This
was successfully achieved not only because of the tvoxicity of these pesricides
but also because they were effective for a long period of time. However,
because organochlorines are lipophilic and persistent, and were used

extensively throughour the country, widespread bicaccumulation occcurred in

aquatic and terrestrial food chains. Long-lived species at the top of the

food chain, such as bald eagles, were accumulating significant body burdens of

0C's that caused serious reproductive problems.

The intensive agriculture within the Imperial and Coachella Valleys was

no exception to the extensive use of orgamochlorine pesticides. Results of a

California Toxic Substances Monitoring Program (TSMP) study of organochlorine
bioaccumulation show rhat fish from the Imperial Valley show some of the

highest body burdens in the Stare. Since 1978, cotal DDT and toxaphene in

fish in the Imperial Valley routinely have exceeded the National Academy of
Sciences (NAS) (1973) recommended levels for the protection of predacors
(total DDT, 1.0 mg/kg, toxaphene, 0.1 mg/kg WW) (TSMP, 1983a, 1983b). The

jatest TSMP data for 1989 show that toxaphene levels still are above the NAS

threshold. Other organochlorines that have exceeded the NAS thresheold in the

Imperial Valley are endosulfan and dieldrin {chreshold for endosulfan and

dieldrin is 0.1 mg/kg).



PRELIMINARY SJUBJECT TO REVISION June 28, 1991

DDT and Metabolites

DOT was inctroduced to the Salton Sea area as a low-cost broad-spectrum
inseccticide (technical DDT) and to a lesser extent &s & component of dicofel
products, an acaricide used heavily on cottan, formerly a major crop of the
imperial Valley. DDT was banned in the United States in 1972 (in Arizona in
1969), and in Mexico in 1983, and DDT has been regulated in dicofol during
1986-88 (now required to contain less than 0.1 percent DDT). However, recent
concentrations of p,p’-DDE found in resident fauna in the Southwestern United
States (including Texas, New Mexico, Arizona, and the Salton Sea area) are at
levels associated with eggshell thinning and reduced reproductive success in
birds (Clark and Krynitsky, 1983; Fleming and Cain, 1985; White and Krynitsky,
1986: Ellis and others, 1989; Ohlendorf and Mareois, 1990). Clark and
Krynitsky (1983) and White and others (1983) have suggested that recent use of

DDT may have occurred in the southwest; however, Schmitt and others (1983,

1990) found mo evidence of such use ou the basis of fish data for the region.
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Most recommended envirommental concentcrarions and action levels

sre based on total DDT (DDT+DDE+DDD, including p,p' and o,p’ homologs;;

reproductive thresholds and biological effects, on the contrary, have been
correlated with p,p’-DDE. Total DDT concentrations are given in table 21 and

TABLE __nd 5,p' -DDE concentrations are given in table 22 for all biota samples collected
=ar hare

as part of the Salton Sea reconnaissance and detailed investigations.

Results
i
TABLE _sq- ) o
near here are similar to those for other recent studies throughout the United States:
e S

p,p’ -DDE was found in the majority of the Salton Sea area samples (99
percent), p,p'-DDT was found in 33 percent, and p,p’'-DDD was found in 32
percent of the samples. The o,p’ homologs, which are derived from o,p’'-DDT

(an impurity of technical DDT), are less persistent than p,p’ homologs and are

not of significant concern.
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aAguatic invertebrates

Aquatic invertebrates collected from the sea (waterboaomen and
pileworms) had the lowest mean p,p’' -DDE concentrations of all biota samples
(rable 21). Crayfish and clams collected from river and drain sites had mean
concentrations approximacely four and six times, respectively, greater than

maximum mean concentration of Salton Sea invertebrates. DDT 1s nighly toxic

o some invertebrates and relatively montoxic to others (U.S5. Environmental

Protection Agency, 1980a). On the basis of toxicity testing, che crayfish is
the aquatic invertebrate most sensitive to DDT (U.S. Environmental Protection

Agency, 1980a). However, crayfish collected as parct of this investigacion had

relatively low p,p’-DDE levels, and no detectable p,p'-DDT was found.

Asiatic river clams had the highest DDE concentrations of all

invertebrates. Because of their immobility and association with sediments,

clams were an excellent bioindicator of DDE exposure. An elevarted
concentration (20 times greater than the geometric mean) was found in a
composite clam sample collected from Vail Cutoff Drain. The high DDE

concentrations prabably are due to a high DDE sediment load. A composite clam

sample from Wister Drain, which receives minimal amounts of drainwater, had no

detecrable concentrations of any DDT metabolites. Excluding chese values,

there were no large differences in concencrations from any other river and

drain sites (range, 0.16-0.47 ug/g WW).
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An in situ biocaccumulation studv was initiated to determine if there,was

seasonal variacion in DDE bicaccumuiation and if DDT and 1ts metabeolices were

being bioaccumulazed in clams as a result of recent DDT use or from past use.

The resulte of this biocassay are presented in figure 48. In a manner similar

to that of boren, concentrations of DDE peaked in late winter/early spring

when irrigation activitvies start to increase. During this period. the clams

may have been exposed to increased DDT metabolites sorbed on soils and
transported with tailwater runoff and (or) resuspension oqugdiments in drains
(ditches) and rivers. Unlike many other contaminants, p,p’'-DDE is highly
persistent, and this persistence prevents rapid depuration of environmental
concentrations. Pimenctal (1971) reported that eastern oysters containing
about 151 ppm of DDT required approximately 3 months in clean water to lose 95
percent of their DDT burden. Other molluscs have been shown to lose as much
as 75 percent of accumulated DDT after 15 days of flushing. Clams sampled
from Trifolium Drain excreted 59 percent of their p,p’-DPDE during 1 year.

However, during that year, p,p’'-DDT concentrations in the same clams increased

by 40 percent. This increase in DDT represents a change in the proportiocnal

composition of the p,p' homologs. On the basis of these proportions, one

possible explanation is recent use of DDT. These changes alsc may indicate

thar biocaccumulation of DRPT and its metabolites in benthic inverctebrates is &

dynamic process that still is occurring in Imperial Valley years afcer any

legal use.
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Figure 48. DDT concentration in transplanted Asiatie river clams.
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The DDE concentrations in transplancted clams from the Alamo River wawe
higher than those from the Irifolium Drain. This same trend of higher river
and lower drain concentrations in biota alse was found in selenium and boroen.
The greater magnitude of sediment loads and drainwater inflow to the Alamo
River in comparison with those of the Trifelium Drain may be responsible for

the increased bicaccumulation of contaminants in aquatic invertebrates. These

contaminants can be transferred to higher trophic levels in the food chains.
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Fish

Freshwarer fish.--The highest mean concentration (0.58 ug/g WW:
mosquitofish) and highest overall concentration (5.7 pg/g WW: red shiner) of
p,p'-DDE for whole-fish samples were from river and drain sites (table 21).
Large bottom-feeding fish collected in the Imperial Valley as partc of
California’s Toxic Substances Monitaoring Program (TSMP) had levels of total
DDT well above concentrations found in most forage and predatory fish
collected as part of this investigation. The fish sampled for the TSMP
represent larger and lomger living fish species than those sampled during chis
investigation. According to a TSHMP synopsis (1983a, 1983b), elevated levels
of total DDT still existed in bottom-feeding fish found in the Alamo and New

Rivers as of 1983, Channel catfish and common carp fillet samples from both

these rivers represented some of the highest levels of DDT found as part of ufﬁ
Fle.
the statewide TSMP (written commun., 19 ). DDT increased in concentration Chts

re<
from 1978 to 1983, on the basis of both wet weight and lipid weight, for

common carp in the Alamo River. Recent (1989) results show that cocal DDT

concentrarions im TSMP fish fillet samples from the Alamo and New Rivers were

significancly lower than previous concentrations, indicating a downward trend

for channel catfish and carp. All recent fillet samples cecllected from

Imperial Valley as part of the TSMP had total DDT concentrations less than 1

pg/e (range 0.006-0.930 pg/g WW).
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The U.§. Fish and Wildlife Service's National Contaminant Biomonitoxring
Program (NCBP) reported that levels of DDT in fish in the upper Rio Grande and
Colorado River systems (except for the Yuma, Arizona, station) were low (total
DDT <0.05; p,p’-DDT <0.03 pg/g WW) and that levels ar the Colorado River
stations remained unchanged during 1976-84 (Schmitt and others, 1985, 1990).
All river and drain fish samples from the Salton Sea study had total DDT
values less than 0.05 ug/g, and 22 percent had p,p’'-DDT greater than 0.03
pg/g WW. In 1984, higher DDE concencrations (greater tham 1.0 ug/g WW) still
were being found at the Yuma, Arizona, station (Schmitt and others, 1990).
Elevated concentrations in migratory striped mullet at the Yuma station were
believed to be caused by accumulation of DDT and metabolites when they
frequent reaches of the Colorado River in Mexico, where DDT at that time

still was used in agriculture (Schmitt and others, 1983, 1985).

DDE concentrations in mosquitofish from the river and drain sites are

compared with other values for fish collected from the Salton Sea area, other

TlBLEEEz:: ; . .
rainvater locations,

near here and nationwide in table 23. The mean DDE concentration
of mosquitofish sampled 2s part of this study was 2.9 times greater than the

1980-81 NCBP mean average. Concentrations of p,p’'-DDE in mosquitofish were

higher than concentractions in mosquitofish from the Tulare Basin reported by

Schroeder and others (1988). (Also, DDE concentrations in mosguitofish

collected as part of the 1989 TSMP in Imperial Valley (Warren Drain) exceeded

all concentrations reported in this study.) The maximum concentration for

Tulare Basin mosquitofish was below the minimum concentration (0.54 pg/g WW)

reported for mosguitefish in the Salton Sea area as part of this sctudy.
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Mosquitofish from contaminated sites have been shown to exhibic
resiscance te DDT toxicity (Vinson and others, 1963: Andreason, 1985)
although p,p’-DDE concentrations in mosquitofish in river and drain sites were
elevared in comparison with data collected at other sites, concentrations were

at levels not known to adversely affect the species directly.

Elevated DDE concentrations in red shiner from the Whitewater River,
north of the Salton Sea, exceeded maximum concentrations found by the NCBP
throughout the entire country in 1980-81 (2.57 ug/g, WW) and 1384 (4.74 pg/g,

WW) (Schmitt and others, 1985, 1990). These results indicare the presence of

alevaced concentrations of DDT and its metabolites, presumably from past

irrigated agriculcural use, in the Coachella Valley.

Marine fish.--Mean concentrations of p,p’-DDE in tilapia from the Salton
Sea (0.23 ug/g WW) were slightly higher than in tilapia composites from the
lower Rio Grande River (0.16 ug/g WW; Wells and others, 1988). Mean DDE
concentration in bairdiella (gulf croaker) was less than one-half that found
in tilapia, and it was the lowest concentration found in any whole-fish

sample. These values were slightly higher than values for bairdiella fillet

samples collected from the Salton Sea as part of the 1989 TSMP (written _?;
chu
commun., 19_ ). Because low concentrations were found in whole-body ¢it

bairdiella samples, total DDT and (or) p,p'-DDE probably are not a concern for v

the health of adult bairdiella.
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Total DDT concentration in the top aquatic predator of the Salteon Sga,
orangemouth corvina (fillec sample), was the lowest concentration found in any
of the fish that were sampled (fig. 49). DDE concentrations in the corvina
were comparable to 1989 TSMP bairdiella fillec samples (written commun.,
19_). The orangemouth corvina is a long-lived high-trophic-level species
that has a high potential for significant bioaccumulation of persistent
contaminants such as PDE. The fact that DDE has not significancly
biocaccumulated in corvina further indicates that DDT and its metabolites are

not adversely affecting adult fish in the Salton Sea.

Although all three species of sportfish examined in this investigation
(corvina, bairdiella, and sargo) had low levels of contamination, there is
evidence that the ichthyoplankton stages of sportfish at the Salton Sea are
especially sensitive to envirommental contamination. All three species of
sportfish sampled from the Salton Sea had malformation rates similar to chose
reported in areas containing known contaminants such as DDT (Matsui, 1989).
Matsui (1989) concluded that some form of environmental contamination in the
Salton Sea is causing the death of at least 6 to 1l percent of rhe developing
eggs of the sportfish. Embryonic aberrations were significantly higher in

earlier stages and represent the effect of environmental stress at a critical

life stage (the period between cleavage and gastrulation). The types of

malformations reported were not specific to a particular contaminanc, but may

represent synergistic effects of many contaminants, along with effects of

temperature and salinity changes.
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>

Figure 49, Total DDT concentration for three species of fish from the Salton

Sea.
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There has been some question as to whether recent use of DDT has >

cccurred in Imperial Valley and (or) Mexico. Generally, 70 percent DDE, 20
percent DDD, and 10 percent DDT is the proportional composition of DDT found
in fish in areas of historical DDT use (Schmitt and others, 1985). In 1984,
the preportion of p,p’-DDE in NCBP fish samples had increased to 73 percent,
indicating continued weathering of DDT and its mecabolites (Schmitt and

others, 1990). According to Menzie (1978), proportionately higher levels of

p,p’ -DDT indicate recent use of DDT in some form (technical DDT or as a
component of dicofecl). Disproportionately high levels of o,p’-DDT (an
impurity and a less persistent form) also may represent recent inputs and {ox)
pollution sources other than pesticides (Schmitt and others, 1985). One
tilapia sample collected from the Salton Sea had a somewhat disproportional
composition of 67.4 percent DDE, 24.1 percent DDD, and 8.5 percent DDT, but
all other samples were closer to accepted proportions for historical use of
DDT. Uchida and others (1988), as cited in Schmitt and octhers (1990}, found
that tilapia metabolize DDT very slowly; thus, DDE proportions are expected to
be lower for this species than for other species of fish. All the fish data
from this investigation of the Salton Sea support the conclusion by Schmitc

and others (1985, 1990) that DDE has not been used recently in the

Southwestern United States.
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Amphibians and repriles

DDE concencrations in fat and eggs from softshelled cturtles greacly

exceeded levels found in bullfrogs (table 22). The higher concentracion in
turcles may be due to differences in food habits or in lipid content between
the species. Little is known of the effects of DDT on amphibians and
repriles. Reptiles have been reported to be more sensitive to the effects of
pesticides than are homeotherms. Reptile mortality has been observed at dose
levels (as low as 0.01 g) that generally are safe for birds and mammals (Rudd

and Genelly, 1956). DDT applications of 0.3-0.7 kg/ha to agricultural land

have been shown to cause both sublethal and lethal effectcs on snakes, turtles,

and lizards (Herald, 1949).

Residue concentrations found in Salton Sea softshelled turtles are
within the range of a wide variety of values for reptiles reported in Hall
(1980). Lipid-weight concentrations in fat were well above values for
snapping turtle fat collected from contaminated marshes in New Jersey (0.16,
0.26, and 2.03 pg/g lipid weight; Albers and others, 1986), comparable to the
value for a Hudson River snapping turtle (15 pg/g lipid weight), and well

below the value for a Lake Ontario smapping turtle (87.6 ug/g lipid weight) as

reported in Olafsson and others (1983).
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Softshelled turtles are a high-trophic-level predator in the river and
drains ecosystem, feeding primarily on crayfish, mosquitofish. sailfin
moilies, and frogs. These food items had whole-body DDT concentrations about
one-thirrieth to one-two thousandth the concentrations (WW) found in the
turtle fat, indicating significant biomagnification. Increased metabolism of
fat during certain times of the year may mobilize the DDT residues, making
them more available to other tissues such as eggs and leading to passible
sublechal or lethal effects. A DDE:DDT racio of less than 10:1 in higher-
crophic-level species is considered unusually low (Blus and others, 1987).
Salton Sea turtle samples had no detectable DDT, indicating no current
exposure to DDT. On the basis of this sparse data, DDE in turtles would be

expected to decrease over time; however, current adverse effects of DDE on

turtles in the Salton Sea area are unknown.

g%
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birds

Migratory birds.--DDE concentrations in carcass and breast samples are
important indicacers of DDT exposure for individual birds. These tissues also

are potenrial food items for birds of prey as well as other predators., Of the
three migratory species of waterfowl collected, northern shoveler had the
highest mean and maximum concentrations of DDE for breast samples (table 21).
Fared grebe and ruddy duck samples had similar ranges {(although grebes had a
slightly higher mean concencration). As found ac other trophic levels, the

river and drain species (for example, shoveler) had higher levels than species

that primarily utilize the Salton Sea.

Waterfowl DDE concentrations were comparable to those reported from
carcasses of mallards (not detectable-1.4 ppm WW) and wood ducks (0,20-4 .0 ppm
WW) from the DDE-contaminated Yazoo NWR in Mississippi (White and ochers,
1988). Blus and others (1987) found nesting mallards in areas of low DDE:DDT
ratios (less than 10:1; that is, areas of suspected recent DDT use) to have
p,p'-DDE concentrations (breast muscle) with ranges of 0.09-0.21 and 0.02-0.63

pg/g WW. Canada geese from the same area had somewhat lower ranges of 0 .06-

18 and 0.03-.38 pg/g WW. Although the DDE concentrations found in waterfowl

rissue during this study were well above those reported by Blus and others
(1987), the DDE:DDT ratios (greater than 36:1) were considerably greater than
those reported in the recent past. Therefore, recent use of DDT is nec

evident and DDE levels are expected to decrease over time.
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Current levels of DDT and ics metabolites in sediment. water, and bbsots
from the Imperial Valley still may pose a threatr to migratory waterfowl
utilizing the Salton Sea. Ohlendorf and Miller (1984) collected northern
pintails throughout California and found the highest DDE concentrations at the
Salton Sea. Mora and others {1987) collected pintails seasonally in

California and Mexice and alse found the highest concentrations ar the $Salton

Sea. They also found that the highest concentrations were in wincer birds,

indicating accumulation on the wintering grounds. The detecred levels were

comparable to concentrations found in northern shovelers collected during this

study.

Waterfowl of the Salton Sea area are ingesting a diet with DDE

concentrations ranging from 0.061-5.7 pg/g, depending on individual food habits

and on habitats utilized, A dietary intake of 2.8 to 3.0 mg/kg DDE (WW) has
been shown to have adverse effects on reproduction of warerfowl (Heath and

others, 1969; Longcore and Stendell, 1977). Waterfowl typically feed on plant
material and {(or) invervebrates that had DDE concentrations well above the 2.8
mg/kg reproductive threshold for waterfowl, although not ail food items were
analyzed. Any fish-eacing waterfowl species (for example, grebes) may exceed
not only the 2.8 mg/kg threshold, but also the NAS (National Academy of

Sciences, 1%73) guidelines for the provection of predators (based on whole

fish) for freshwater species (1.0 mg/kg WW) or for saltwarer species (0.05

mg/kg WW) .

nno
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Liver and fat samples of white-faced ibis had some of the highest DBE
concentrations for birds found in the Imperial Valley. This migratory species
feeds mainly in the agricultural fields om terrestrial invertebrares chat are
in direet contact with sorbed DDE in the soils. Banding dava for nesting ibis
from Carson Lake, Nevada (Henny and Herron, 1989) indicacte ibis band
recoveries from several Mexico locations, including Mexicali, which is only
30-40 miles from where ibis were collected as part of this study (Brawley,
talifornia). Henny and Herron (1989) also reported that ibis in the Carson
Lake area experience reproductive problems at DDE concentrations greater than
4 pg/g WV in eggs. Comcentrations of grearer than & ug/g cause a decrease in
nesting success, and concentrations greater than & ug/g decrease breood size.

Eggshell thickness is reduced by 23 percent at DDE concentrations of 8-16 ug/g

and by 27 percent at concentrations greater than 16 pg/g (Henny and Herron,

1989).
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On the basis of concentrations of DDE in food items from both the o

nesting and winctering ground, ibis are not expoesed te DDE in the Carson Lake

area, likely are bicaccumulating DDE on the wintering grounds., Ibis liver and

fat sampies collected in the Imperial Valley had DDE concentrations (geometric
mean: liver, 5.93 ug/g WW; fat, 5.57 pg/g WW) of the same magnitude as
concentrations in ibis eggs collected at Carson Lake. DDE:DDT ratios of

Carson Lake ibis eggs ranged from 6:1 to 86:1, and the highest p,p’-DDT

concentration was 2.5 ug/p (WW). DDE:DDT ratios of Imperial Valley ibis fat

samples ranged from 20:1 to 153:1, and the highest p,p’-DDT concentration was
0.54 pg/g WW. DDE concentrations in the food of the white-faced ibis

wintering in Imperial Valley are not known. Food-item DDE concentrations need

to be determined te better understand DDE exposure and bicaceumulation in chis

sensitive species.

Pelicans utilize the Salton Sea during all seasons of the year. The

numbers of white pelicans are largest during spring and fall migratiom, and
the numbers of Califernia brown pelicans are largest (estimated to be 5,000 in

1990) during post-breeding dispersal and to a lesser extent in the winter

(U.5. Fish and Wildlife Service, 1989) Wnite pelicans, which historically

mested ar the Salton Sea, now use the sea as a major resting area on their
spring migration to the Nationmal Wildlife refuges of the Klamath Basin

(Boellstorff and others, 1985). Elevared DDE concentrations in white pelican

eggs collected from the Klamacth Basin are believed to originate from wintering

grounds farther tvo the south.
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Anderson and others (1975) found that a dietary intake of 0.15 mg/ks,
-oral DDT (associated with 97 pg/g in pelican eggs) was unacceptably high for
the endangered California brown pelican because of its correlacion wich below
normal eggshell thickness and productivity. The increasing late summer
population of Californmia brown pelicans at Salton Sea feed mostly on corvina,
tilapia, sarge, and bairdiella. A comparison of toral DDT concentracions in
fish collected as part of chis investigation with dietary cthresholds sec for
DDE, and with NAS guidelines for both freshwater and saltwater predatoers (1
pg/g WW), show that California brown pelicans utilizing the Salrton Sea are
consuming potentially high levels of DDT and its metabolites. These high
levels may cause an increase of DDE in eggs, which is associated with below

normal eggshell thickness and below normal productivity for this parcticular

species.

Three birds of prey (esprey, and the endangered peregrine falcon and
vald eagle) that uncommonly are found at the Salton Sea also are being exposed
to unacceptably high concentrations of DDE in food items such as fish, shore-
birds, and waterfowl. All three prey species historically have been known to

have suffered population declines as a result of eggshell thinning and lowered

productivity caused by excessive DDE accumulation.
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The effecrs of DDE zccumulation in birds on wintering grounds is >
difficult to relate to nesting success unless sources of DDE are not present
st breeding locations. Such examples are Carson Lake white-faced ibis (Henny

and Herron, 1989), Ruby Lake night herons (Henny and others, 1984. 1985; Henny

and Blus, 1986), and Klamath Basin white pelicans (Boellstorf and others,

1985). In some instances birds may be exposed to high concentrations both on

breeding grounds and on wintering grounds. For example, California brown
pelicans that winter at the Salton Sea feed along the southern California
Bight during the breeding season. Both of these areas have known continual

high levels of DDT residues in fish. The preceding discussion shows that

winter feeding areas for birds, such as the Salton Sea, can play a vical role

in the reproductive success of migratory birds.

Resident birds.--DDE concentrations in carcass and muscle samples of
resident birds were elevated in comparison with all other samples collected in
this study. Black-necked stilts had the highest mean and maximum carcass and
muscle concentrations of any resident bird for which more than 3 samples were
¢collected., Other resident species were expected to have elevated DDE
concentrations. These include piscivorous birds (double-crested cormorant,
herring gull, great blue heron}, other birds of prey (barn owl), or other
species feeding in the fields (cattle egret). However, because birds were

opportunistically collected, data for these species were inadequate to

determine which feeding strategies resulted in the highest DDE concentrations.
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Resident bird DDE concencratiems in muscle and carcass for
Sea and for other concaminated areas are given in cable 24. DDE
_____.—--—ri‘q"_'

ABLE e concentrations in all Salton Sea resident birds were comparablie o

concentrations found by King (198%a) in resident olivaceous cormorants in a
heavily contaminated location (Houston Shipping Channel) in Texas. However,
mean and maximum DDE concentrations in Saltom Sea cormorants were slightly
higher than those reported for double-crested cormorants collected from the
Houston Shipping Channel. Cormorants collected as part of the lower Colorado
River recounaissance investigation (Radtke and others, £988) had a mean value
4 times greater than that found at Salton Sea, and 40 times greater than in
fish species collecred at the same locatrion. King (1989a) found thac DDE
concentrations in olivaceous cormorant carcasses were 27 times greater than
those in fish. Concentrations in cormorant samples from the Salton Sea were
only 5 to 11 times greater than in fish samples (bairdiella, tilapia) from the

Salron Sea. The reason for the differences in bioaccumulation factors is

unknown at this time.

DDE concentration in a great blue heron muscle sample was 2 to 80 rimes

greater than concentrations in fish species eaten by the heron. However,

rhere are indications thar the great blue heron is not sensitive to DDT
(Fitzner and others, 1988). The DDE concentration of the heron was well
within the range of values found in great blue heron hatchlings in the

Northwesternm United States (Fitzner and others, 1988). Those values were

determined to be considerably below levels associated with mortalicty or

reproductive problems in Ardeids (on the basis of studies by Ohlendorf and

others, 1979, and Blus and others, 198G .
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Egg colleccion for several species of birds of varying feeding
strategies and habitats initially was planned for this invescigacion.
Concentrations of DDE in eggs reflect levels in the female at the time the egg

was laid and may influence reproductive success of birds (Ohlendorf and

others, 1978). However, a recent decline in nesting success, specifically in

piscivorous birds, prevented adequate sampling. FPiscivorous bird nesting
atcempts and success have declipned greatly at the Salton Sea in recent years
(Salton Sea Natiomal Wildlife Refuge, written commun., 1990); for example, the
black skimmer population has decreased an estimaced 40 percent since 1987. In

a study in south Texas, Custer and Mitehell (1987) found decreased hatching

success to be correlated with DDE concentration, independent of eggshell

chinning. Although the reason for this declipe in black skimmer population is
not yet understood, contaminants are suspected to have been a major factor.
Table 25 swmiarizes data on active nests of colonial water-bird species
traditionally monitored along the south end of Salton Sea as part of the

refuge’s annual colonial nesting bird survey.

VA
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8lack-necked stilts were the only birds for which eggs were collected
for DDE analyses. Concencrations of DDE were greater than two times those of
American avocet eggs collected from highly concaminated Westfarmers
evaporation ponds in southern San Joaquin Valley (Schroeder and others, 1988).
The mean p,p’-DDE concentration for stilt eggs was greater than cthe 2.0 ppm
DDE (WW) threshold associated with l0-percent eggshell thinning in osprey eggs
(Wiemeyer and others, 1988) and slightly below the reproductive impairmentc
threshold concentration (3.0 ppm WW for eggs) for brown pelican (Blus, 1982).
Stilt-egg DDE concencrations and documented thresholds for otvher bird species
are given in figure 50, Although these thresholds may not be completely
appropriate to determine stilt reproductive thresholds, they provide a range

to which the stilt egg concentrations can be compared. Actual eggshell

thickness of 38 Salton Sea black-necked stilt eggs was found to be negatively

ﬁaﬁﬁggﬁ“‘correlated with DDE concencrations (fig. 51). However, no cracked or broken

near here

i —————— o

eggs were observed during the investigation (K. Voget and R.A. James, U.S.

Fish and Wildlife Service, Oral commun., 199G).
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Figure 50. DDE concentrations in black-necked stilt eggs and reproductive-

impairment thresholds for various bird species.
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Figure S1. Correlarion between DDE concentration and eggshell cthickness for

black-necked stilts from the Salton Sea, 1988-89.
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Ohlendorf and Mareis (1990) found that the mean concentration of p,p
DDE in eggs of black-crowned night herons collected at Salton Sea in 1985
exceeded the 8 ug/g WW reproductive success threshold for this species. The
mean concentration was comparable to Lake Ontario (1972-73) night heron egg
concentrations (11-12 pg/g; Price, 1977), vwhich were associated with a reduced
hatching success rate of only 36 to 39 percent. Also, Ohlendorf and Marois
(1990), Heuny and others (1984,1985), and Henny and Blus (1982) found that
nightherons nesting at Ruby Lake, Nevada, were accumulating their high DDE
concentrations while overwintering in southern California and Arizona. Great
egret eggs collected as part of the Ruby Lake study had concentrations of 24.0
wg/g. In 1975, while legal use of DDT (as a component of dicofol in the
United States and use as technical DDT in Mexico) and illegal use probably was
still prevalent in Imperial Valley, snowy egret (feeding and nesting areas
similar to those of great egrets) eggs collected from the Salton Sea had a
mean concentration of 1.7 ppm WW and a range of 0.8-4.2 ppm WW (M.F. Platter,

San Diego State University, written commun., 1976). In 1976, pesticide

residues were suspected of causing reproductive problems, including an

increased egg mortality at Salton Sea colonial nesting rockeries (M.F.

Platter, written commun., 1976). Eggshell thinning for snowy egret and catrle

egret was 18.8 and 17.3 percent, respectively, in comparison with pre-19533

museum eggs. DDE concentrations in snowy egret eggs (WW and lipid weight)

correlated wall with decrease in eggshell thickness. Platter (written

commun., 1976) stated that it was unlikely that adult mortality was occurring

ar the Salton Sea. On the basis of historical and present DDE bird residues,

however, it is highly probable that DDE levels resulting from historical use
in the Imperial Valley still may be causing reproductive impairment in

resident birds. )
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An attempt was made to correlate DDE biocaccumulation and nesting >
locacion of black-necked stilts. Mean concencrations for different nesting
populations of black-necked stilt are given in figures 532 and 53. Some of the
variation in mean values may be due rto small sample sizes, but it is apparent

rhat the RH, Hazard, and Reidman Pond populations have elevared levels of DDE

(that may reflect increased DDE loadings) in comparison with the other

locacions.

Resident birds of the Salton Sea are ingesting food irems wich DDE
concentrations ranging from 0.0l to 14.8 ppm WW. Birds such as waterfowl and
shorebird species that feed on invertebrates are ingesting DDE concentrations
ranging from 0.10 to 0.68 ppm WW. Plscivorous birds are ingesting higher DDE
concentrations of 0.10 to 5.7 ug/g WW, and other birds of prey are ingesting
still higher concentrations of 0.10 to 14.8 ug/g WW. White and others (1984) he
found elevated concentrations o? DDE (0.8-2.5 pg/g WW) in black skimmer eggs
with no apparent adverse effect in areas where fish DDE residues were 0.1-1.5
ppm. Thus, in a pattern similar to that for migratery waterfowl, resident
piscivorous birds and birds of prey, on the basis of published thresholds and

guidelines, are at the greatest risk of DDE contamination within the Imperial

Valley.
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Figure 52. p,p’'-DDE concentration in black-necked stilt eggs.
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Figure 53. DDE concentration in black-necked stilt eggs from selecced nesting

populations in the Salton Sea area, 1989.
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concentrations of DDE in Carcass and eggs with anp dpparently smal] dierary
intake of only 0.01 to 0.08 HE/E WW. The resulcanc bioaccumulacion factor inp
body tissues is as grear as 1,200 times. There is conicern thac if stilts are
adversely affecred by DDE even though DDE levels in their food were low, more
envircnmentally sensitive species such as the endangered Yuma clapper raj] may

also be effected. Declines in c¢olonial water-bird pPopulations, on the bagig

of thresholds and guidelines established for piscivorous birds, may be related

Lo elevated DDE concentrations and other drainvater contaminanrsg, Gulls and
mammals (such as the raceoon) that ear bird €ggs and fish also are hei

éxposed to some of the highest DDE concentrations found in the Imperial

Valley. Typically, aquatic species are more sensitive to DDE Contaminacion

(National Academy of Sciences, 1973). However; there ig evidence that birds

feeding Primarily in the agricultural fields also are aceumilating elevated

levels of DDE. Resident birds of concern are white-faced ibis, cartle egret,

and several species of birds of prey,
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Food-chain relations

v

Although DDT is nmot a contaminant originating directly from irrigation
drainwater, DDT and its metabolites (DDE and DDD) are mobilized by tailwater
runoff or by resuspension of sediment in the drains and rivers. The low water
solubility and high lipophilicity of DDT have resulted in bioaccumulacion of
DDT and its metabolites in fish and wildlife species throughout the United
States (U.S. Environmental Protection Agency, 1980a). lower-food-chain
organisms had the lowest concentrations and higher-food-chain organisms had
the highest concentrations of p,p’-DDE and total DDT. This trend of
increasing DDE through the food chains has been documented in several studies,
including Hickey and Anderson (1968) and King (1989a,1389h). DDE
concentration/food-chain relations for the Salton Sea and for its associated
river and drain systems is illustrated in figures 54 and 33, respectively. As
shown for selenium, the more complex and longer the food chains are |, the more
likely it is + at the toxic effects of DDE will be seen in higher-trophic-
ievel species. Species associated with river and drain habitacs (Ereshwater)
typically had higher concentrations of p,p’-DDE and tocal DDT than similar
species associated with the Salton Sea (estuarine and marine). The river and
drain species were in closer contact with the main source of DDT--the
agriculrural fields (through tailwater runoff and resuspended sediments).

Also, birds that feed in the fields (white-faced ibis and cartle egret) had

some of the hipghest levels of DDE found during the study.
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Figure 54. DDE pathway in the Salton Sea.
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Figure 55. DDE pathway in rivers and drains.
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River and drain (freshwater) species had higher concentcracions of rgral
DDT and p,p’-DDE than Salton Sea (estuarine/marine) species; on the basis of
reproductive thresholds and NAS guidelines, however, both groups may be

adversely affected as a result of their dietary intake of total DDT. Total

DDT and p,p’ -DDE concentrations for food items sampled in the river and drains

and in the Salton Sea, with appropriate biological-effect thresholds for each

FIGUREGL-9] system, are shown in figures 56-39,
1y inre

o ——

birds in the Imperial Valley are at the greatest risk of DDT contaminationm,

On the basis of these data, predatory

Within this group, piscivorous and egg-eating birds had some of the highest

total DDT and p,p'-DDE body-burden concentrations. Also of concern are birds

feeding in the agriculcural fields, but unless DDE levels in food items for

these species are known, it is not possible to derermine che full impact of

irrigation runoff. Prey items of these birds, such as earthworms, reflect the

dosage of DDT in soil and are known to accumulate high concentrations of

organochlorine insecticides (Byers and Krynitsky, 1989).
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Figure 56. Total DDT conceanctration in foed-chain organisms of the Salton Sea.
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Figure 57. p,p’'-DDE concentration in food-chain organisms of the Salton Sea.

248



PRELIMINARY SUBJECT TO REVISION June 28 1991
>
Figure 58. Total DDT concentration in food-chain organisms of rivers and

drains.
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Figure 59. p,p'-DDE concentration in food-chain organisms of rivers and

drains.
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Although resident bird species typically had higher concencrations shan
migracery species, botrh species may be experiencing reproductive impairment &as

a result of DDE contaminacion from Imperial Valley. According to Hemny and

Herron (1989) and Boellstorff and ochers (19835), migratory species with no or

litrle DDE exposure on the breeding grounds are experiencing elevated DDE

concentrations and, in some cases, documented reproductive lmpairment as a

result of wintering-ground accumulation of DDE. A north-south organochlorine
contaminant gradient (increase from N to S5) in migratory waterfowl has been
observed by Ohlendorf and Miller (1984) and Mora and others (1987), along wich

an apparent reverse pattern farther south in other wintering grounds in

Mexico. Resident and migratory Salton Sea species are exposed to the highest

concentracions of DDE, on the basis of the clam bicaccumuiation study, during

late winter/early spring because of the increased agricultural activities

during that time. Mora and others (1987) also found that DDE concentrations

in pintails at the Salton Sea were higher in late winter {(February-March) as

opposed to early winter (December-January). The late-winter period represents

greater tailwater runoff and resuspended sediments associated with increased

irrigation, including preplant leaching of soils. This also is the time when

large concencraticns of resident and migrating birds are present in the

Imperial Valley and, spr:ifically, the Salton Sea. Resident and migravory

species begin nesting soon after having been exposed to these high

concentrations of DDE.
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The Salton Sea and Imperial Vallev area has the highest DDE >

concencrarions recorded in fish (Toxic Substances Monictoring Program. 1%83a.
1983b) and birds (Mora and others, 1987; Ohlendorf and Miller, 1G84: Ohlendort
and Marois, 1990) in the State of California. Previous studies at cthe Salton
Sea (Ohlendorf and Marois, 1990:; Toxic Substances Monitering Program. 1983a,
1983b: Matsui, 1989) have shown that DDE concentrations were at levels that
have been associated with reproductive impairment in birds and, possibly,
abnormal developmenc in young fish. Fish species of both the river and drain
and sea locations had relatively low concencrations of DDE; however, residue
concentrations of DDE (or some other contaminant) in the eggs of mature fish
may be lethal to the developing fry. Other high-trophic-level species. such
as rhe softshelled turtle, had extremely high levels of DDE in fat and eggs,
but the significance of this is not known. In general, reptiles are less

sensitive to orgaonchlorine contamination than are fish (Hall, 1980).
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Ultimately, birds are at the greatest risk of DDE contaminaction at the
Salten Sea and the rivers and drains. In general, species affected by
eggshell thinning feed mainly at the top of a food chain on birds and (or)
fish (Hickey and Anderson, 1968). Significant species differences exist in
the effects of DDT and its metabolites on avian reproductive success as a
result of complex interactions invelving different ecological relations and
physiological mechanisms (Risebrough and others, 1970; Stickel and Rhodes,
1970). Yet, in this investigacion, the data are indicative of porencial
reproductive impairment of birds of several ecological niches, including
shorebirds, piscivorous birds, and birds of prey. In the Imperizal and
Coachella Valleys, numercus resources under Department of the Interior
trusteeship are at risk, including several species with known seusitivities to
DDE biocaccumulation; these include three endangered species--peregrine falcon,

California brown pelican, and bald eagle--as well as osprey and herring gull.

DDE concencrations in biota of the Salton Sea area are among the highest
known for California, and in some cases they are higher tham national
biomonitoring results. However, on the basis of DDE/DDT ratios and
DDT/DDE/DDD proportions, there is little evidence of recent DDT use. It has
been suggested that continued elevated DDE residues generally may be
attribured rto dicofol use (Hunt and others, 1986). It is believed that
elevated DDE concentrations in bilota in the Salton Sea area are a result of

past heavy use of technical DDT, in addition to use in Mexico through the

1970's and early 1980's and extensive use of dicofol through the 1980's.
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Other Organochlorine Pesticides

A total of 24 organochlorine pesticides (not including DDT and its

mecabolites) and their metabolites were analyzed in a variety of species from

the Imperial Valley (table 26). Results that show 18 {75 percent) of 24
organochlorine compounds were found above detection limits in at least one

sample. Of these, only two, toxaphene and hexachlorobenzene, were detected at

concentrations greater than 1 mg/kg (ppm). The most frequently detected

organochlorine pesticides were dieldrin in 60 percent of samples, and DCPA

(dacthal®), in 54 percent. Other compounds detected at caoncentrations greater

than 0.1 mg/kg include oxychlordane, vrans~nonachlor, and beta benzene

hexachloride. However, none of these organochlorines were found in fish above

the National Academy of Sciences (NAS) threshold of 0.1 mg/kg to protect

predators (Nationmal Academy of Sciences, 1973).

Toxaphene, a broad-spectrum insecticide, was ome of the most heavily

used agricultural chemicals on a global scale. It is extremely persistent in

soil and water, with documented half-lives as great as 11 years (Eisler and

Jackrnow, 1985). The highest concentration of toxaphene, 7.0 mg/kg, was from a

composite of Asiatic clams collected from the Vail cutoff drain, which

receives considerable subsurface drainwater flow. The only other toxaphene

detected in clams was 1.1 mg/kg WW at Johnson drain in the Coachella Valley.
Because Asiatic clams are nonmobile and benthic, they serve as good

bioindicators of pesticide input to their environment.
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Spiny softshelled turtles taken from the Vail drain and from Hazardsunit
of the Salton Sea NWR had accumulated toxaphene concentrations in fat as high
as 6.2 mg/kg WW. These results indicate that toxaphene usage has been high in
agricultural areas in the Vail drainage system. Toxaphene was banned for any
use beyond 1986 (U.S. Environmental Protection Agency, 1982) in the Uniced

States: therefore, the documented concentrations in biota are being

accumulated from past uses.

All six turtles had significant concentrations of toxaphene (greater
than 2.3 mg/kg) in their fat, and one female had 1.0 mg/kg in her eggs. These -#"
Mot
values are higher than those reported by Hall (1980) for softshelled turcles nif

but considerably lower than the 154 mg/kg DW found in painted turtles killed

by toxaphene (Finely, 1960).

Toxaphene, like many other organochlorine pesticides, tends to
accumulate in fat and may be safely stored by reptiles in the relacively
isolated fat bodies {(Hall, 1980). However, during periods of increased fat f{bp
metabolism, such as reproduction, contaminants may be mobilized to other

tissues such as eggs or, more critically, to the brain.

Toxaphene also was found in black-necked stilt eggs and ranged from less

than the detection limit (0.0l mp/kg) to 1.0 mg/kg. Toxaphene has been shown
to produce severe embryotoxic sZfects, including dislocated joints and poor
growth in mallard ducklings, when used at application rates in excess of 1.12
kg/ha (Hoffman and Eastin, 1982). As previously mentioned, no gross

abnormalicies ware Ffound in black-necked stilt chicks; however, grLowth fov
B

Salton Sea birds was slower than for birds from coastal nonagriculrtural areas.
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Hexachlorobenzene (HCB) residues have become widespread throughout she
environment (Zell and Ballschmiter, 1980) because of its extensive use as a

fungicide and because it is a byproduct of the production of other chlorinaced
hydrocarbons (Villanueva and others, 1274). 1In spice of the fact that
commercial production of HCB in the United States was discontinued in 1976,
waste byproducts continue Co represent a significant source (U.S5.

Environmental Protection Agency, 1980b)

In the Imperial Valley, HCB has been detected in fish at concentrations
near the 0.1 ug/g NAS-recommended threshold to protect predators (McCleneghan
and others, 1981) and in pintails wintering at Salton Sea (Ohlendorf and

Miller, 19B4: and Mora and others, 1987). However, the HCB concencrations

found in this study in white-faced ibis, 0.7 mg/kg in liver and 1.1 mg/kg in

muscle, and in a barn owl, 1.3 mg/kg, are considerably higher than any other

reported HCB concentrations from the Salton Sea area. These concentrations

may be high enough to cause reproductive effects such as delayed egg

production that have been documented in chickens (Hansen and others, 1978} . .._%‘
]
However, it 1s notr known how much HCB has been contributed to the Imperial fe

Valley either as a result of agricultural activities, including irrigation and

drainage practices, or contamination from other sources such as industcrial

waste byproducts,
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Dieldrin historically has been used in agriculture--mostly for conctzpl
of pests on corn and citrus crops; currencly, in the Unired States, it is used
only for subsurface soil injection te control termites (U.§8. Environmencal
Protection Agency, L980c). Even though dieldrin and aldrin (che source of
most environmental dieldrin residue) have not been used in the Imperial Valley
as pesticides since 1975, more than 60 percent of all biolegical samples
collecred for this study had detectable quantities of dieldrin (table 25).
This high rate of detection is attributable, in part, to the fact that
dieldrin is the most stable member of the chlorinated cyclodiene inseccticides
(Mat._amura and Bousch, 1967) and, therefore, is very persistent in the
environmenc. The National Contaminant Biomonmitoring Program (Schmitt and
others, 1990) has not documented any appreciable changes in dieldrin
concentrations in fish from the Great Lakes and major rivers of the midwest
from 1978-79 to 1984. This consistency suggests that dieldrin residues

remaining in agricultural soil can be a threat to fish and wildlife for some

time to come,

In spite of the persistence of dieldrin and the high rate of detectionm,
no fish collected from this study were above the 0.1 ug/g NAS threshold for
the protection of predators.

However, recent results from the TSMP showed

{

that mosquitofish from the Warren drain of the Imperial Valley had dieldrin ;
A morte : et

concentrations (0.14 pg/g WW) above this threshold ( ¥,
1)
comprehensive contaminant survey might show that fish from other locations in

the Salton Sea area also have concentrations that exceed the NAS threshold.
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Other prey items, such as pileworms, waterboatmen, and frogs, had either
nondetectable or vervy low dieldrin concentrations. In ceontrast, iat from
spiny softshelled turtles had the highest concentrations, as high as 0.85 pg/g
WW, from this study. Because dieldrin is nonpolar, it is lipophylic and tends
to partition in fatty tissue at higher concentrations (Heath and Vandekar,
1964) .

However, even the highest observed concentration was well below values

associated with residue found in turtles killed after field applications

(Hall, 1980).

Generally, dieldrin was low (less than 0.1 ug/g WW) in birds except for
black-necked stilts, white-faced ibis, and great blue heron. The highest
observed concentration of 0.33 pg/g WW was found in a black-necked stilt.
Dieldrin concentrarions from northern shovelers (nondectable to 0.02 ug/g WW)
and ruddy ducks (nondetectable to 0.02 ug/g WW) were comparable to waterfowl
sampled in 1981-82 from the Imperial Valley by Ohlendorf and Miller (1984) and
Mora and others (1987). Pintails sampled from the Salton Sea in October and
November by Ohlendorf and Miller (1984) had no detectable dieldrin, but
samples collected in December and January had concentrations of 0.02 and 0.06

pg/g WW for males and females, respectively. This increase suggests chat

waterfowl are accumulating dieldrin while wintering at the Salton Sea.

White-faced ibis, which feed in agricultural fields, had detectazble
dieldrin in all 18 samples collected, with concentrations ranging from 0.02 to
0.22 pg/g WW.

This 100-percent detection rate probably reflects the fact that

dieldrin is wvery persistent Jn the soil at the point of its applicacion where

ibis.

e

ek
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The only bird eggs sampled from the Imperial Valley were from blacks
necked stilts. These mostly resident birds must be accumulacing dieldrin
locally because 80 percent of the 122 eggs analyzed had detectable residue,
with concentrations as high as 0.15 pug/g WW. It is not known what possible

effect these residues may have; haowever, dieldrin has not been shown to cause ~

s

L

eggshell thinning in either mallards or coturnix (Haegele and Tucker, 1971). **ﬁ?

3

|
In spite of the persistence of dieldrin in the soils of the Imperial
Valley, residues observed in this study indicacte that food items are below
values known to cause harm in birds. Residues from the birds alsec are below

levels known to have decrimental effects (Stickel and others, 1969).
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Ascesement of Resource Suscepribilicv to Contaminant

i)

On the basis of data from chis study and the reconnailssance
invesctigation, as well as from previous studies, 93 species of resident or
regular-migrant birds in the Salton Sea area potentially are adversely

affected by contaminants related to irrigation drainwater. This number

represents 57 percent of the 164 regular-migrant and resident bird species of

the Salton Sea. The other 43 percent represents species for which adequate

data were not available to determine presence or absence of potencial

contaminant effects. In addition, this list deoes not include more than 200

rare, erratic, and accidental species found at the Salton Sea, such as roseate
spoonbill, magnificent frigatebird, scoty shearwarer, and booby species, which
also might have significant exposure to contaminants relaced to irrigacvion

activities in the Salton Sea area

Drainwater contaminants of concern and other relevant information for

each of the 93 species of birds identified as being subject to potential

adverse effects related to drainwater contaminants are summarized in table 27
wBLE &1

nearhere The status, feeding habitat, numbers, and food-item data were compiled from

U.S. Fish and Wildlife Service (1987), Dritschilo and others (1983), and

Salton Sea NWR staff (oral and written commun., 1990). Determinacion of

contaminant of concern and degree of concernm were assigned on the basis of

concentrations of contaminants in food items, documented thresholds, scatus,

feeding habitat, composition of diet, and (or) documented sensitivities ro

particular contaminancs.
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4 summary of the number of species (by category) that potentizally arg

sgversely affected by selenium, boronm. or DDE is given in table 28. OQOverall

selenium is of concern for the greatest number of species and DDE is of masc

concexn for endangered species. Selenium effeccs primarily are aquatiec based,

and higher- trophic-level species are of the grearest concern for selenium;

rerrescrial- feeding birds of prey such as red-tailed hawk and prairie falcon

are of little or no concern. Boron-contamination concerns rest primarily wich

migratory waterfowl and shorebirds, including a few birds of prey, piscivorous

birds, and many terrestrial feeders. Most migratory waterfowl and shorebirds

(mainly sandpipers) are of little concerm with respect to DDE. In swmmary,
the groups at greatest risk are (1) the piscivorous birds, for which levels of

concern are high for selenium, primarily in the Salton Sea, and for DDE, both

in the Salton Sea and river and drain locations; (2) shorebirds, which feed
mainly on aquatic invertebrates and for which levels of concernm are variable
for selenium and boron in both the Salton Sea and river and drain locations,
and for DDE in the river and drain locations; (3) waterfowl, for which levels

of concern are high for selenium and boron in both the Salton Sea and river

and drain locations: and (4) terrestrial-feeding birds for which levels of

concern are high for DDE.
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SUMMARY AND CONCLUSIONS

The factors controlling contaminant concencrations in subsurface
drainwater are soil characteristics, hydrology, and agricultural practices.

Although there is no apparent spatial patterm to the distribution of specific

conductance or of dissolved-solids, selenium, or boron concentrations in the

imperial Valley, higher concentrations commonly are associated with clayey

soils. Low infiltration rates in these soils result in increased evaporation

and, thus, evaperative concentration. These areas of high concentracion

generally are near the Salton Sea, the major topographic depression in the

area, although high concentractions also occur in other areas throughout the

Imperial Valley. Mesquite Lake, one of these areas of high concencration, is

a localized topographic depression near the city of El Centro.

Regression of hydrogen and oxygen stable-isotope ratios in samples
collected from sumps demonstrates that Colorado River water is the sole source

of subsurface drainwater in the Imperial Valley. These data zlso indicate

that evaporation is the main process controlling dissolved-solids

concentration in subsurface drainwater. The 100 x r? wvalue for this relation

is significant at 96, with an « value of less than 0.0l. Further regression

analysis shows that chloride and boron, as well as selenium, in subsurface

drainwater 2lso can be attributed to evaporative concentration of Colerade

River water.
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Elemencal ratios of selenium ro chloride demonstrate that selenium 5
detecred in subsurface drainwacer throughout the Imperial Vallev originates
from the Colorado River. The median 1,000 x Se/Cl ratio for subsurface
drainwater is similar to that of Colorado River water in the East Highline
Canal., Variations in the Se/Cl ratio provide indications of either sources or
sinks of selenium. In the area bordering the southern end of the Salrten Sea,
these ratios are significantly lower than in other parts of the Imperial

Valley. These lower Se/Cl ratios indicate that selenium is being removed from

the water and likely adsorbed to the sediments. This process occurs under

reducing conditions, which are present along the southern border of the Salcton

Sea. Coupled with the presence of reducing conditions, high chloride from the

Salton Sea may alse influence subsurface drainwater, thus affecting the Se/Cl

racios. The Salton Sea is an excellent example of a selenium sink. The Se/Cl

ratio in the Salton Sea is several orders of magnitude lower than the Se/Cl
ratio in the fields of the Imperial Valley. Selenium in the inflowing water

to the Salton Sea is selectively removed. One possible mechanism of removal,

on the basis of published findings from laboratory studies and field sctudies
in other areas, is that selenate-respiring bacteria concentrace elemental

selenium in the bottom sediments where it is available to the benthic biota.
No apparent spatial pattern was discerned in the distribution of selenium in

the bottom sediments of the Salton Sea.
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Ground-water samples collected from multiple-depth wells and lysimerprs
at three sites (northern, middle, and southern) in the Imperiazl Valley
indicated that depth of infiltration and amount of evaporative concentration

varied according to soil type. Analysis of ctritium concentrations in these

shallow wells and lysimeters indicated that clayey soils, in comparison with
sandy soils, significantly retarded the movement of irrigation warer through

rhe soil profile. Water at depth in these clayey fields had elevarted

dissolved-solids concentrations.

Selenium loading to the Salton Sea, calculared using the median seleniun

concentrations in subsurface drainwater and in the Alame River at the outlet,

indicates that abaut 60 percent of the discharge to the Salton Sea is water of

very low selenium and dissolved-solids concentrations (using Colorado River

water as a diluent), and 40 percent of the discharge is higher selenjum

drainwater. The low selenium and dissolved-solids water comsists of tailwater

runoff, canal seepage, and underground flow of canal water. These same

calculations demenstrate that about 15 percent of the selenium and boron is

last (relative to chloride) to the river sedimencs. The selenium load

discharged to the Salton Sea from the Alamo River is abour 6.5 tons/yr. For
boron, the load discharged by the Alamo River is about 460 tons/yr.
Caleculations were not made of the New River ravios for the large volume of

water enterinpg the United States from Mexico.
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Time-series study of selenium concentration in subsurface drainwaten
indicared that concencration gemerally varied directly with volume of flow
from the sump. For the entire data set, selenium concentrations in May 1986
were similar to selenium concentrations in May 1988, 100 % r? = 78.5 with an o
value less than 0.0l and a slope near 1.0. Subsurface-drainwater

concentrations that were high in 1986 also were high in 1988, and those that

were low remained low.

Drainwacer contaminants, including selenium, boron, and DDE, were
determined to bicaccumulate in migratory and resident birds utilizing the
Imperial Valley, These contaminants are incorporated in bird tissues through
the consumption of food. On the basis of in situ clam bicaccumulation assays,
levels of selenium, boron, and DDE fluctuated seasonally. Temporal variation
in boren concentration alse occurred in ruddy ducks collected at three
intervals during the wintering period at the Salton Sea. In both cases,

elevated contaminant levels correlated with increased drainwater inflow during

late winter and early spring agricultural acrivities.

Synergistic effects of these contaminants in birds were not evaluaced.
Possible interactions of selenium and boron with other contaminants may oceur,
as suggested by Lemly (1990). On the basis of results of this investigation,
it cannot be determined if these contaminants may have synergiscically or

antagonistically interacted in birds from the Impexrial Valley.
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Selenium is biocaceumulating in both marine and freshwater food chaigs

within the Imperial Valley & distinct correlation between higher selenium

concentrations and higher trophic levels was observed. Also, the marine food

chain was higher in selenium, at comparable trophic levels, than the

freshwarer food chain. This increagsed marine bicaccumulation puts piscivorous

birds feeding in the Salton Sea at the greatest risk of selenium toxicity. A

resident piscivorous bird (double-crested cormorant) had the highest liver

selenium concentrations of marine birds collected during cthe sctudy.

Waterfowl that feed on food items conrtaining more than & pg/g DV of

selenium also are at risk. Northern shovelers had the highest liver selenium

concentrations of freshwater species collected. These levels accumulated

while the birds wintered in the Imperial Valley. Comparable historical data

show that an increasing selenium burden in noxrthern shovelers is occurring

over time.

Black-necked stilts, resident shorebirds within cthe Imperial Valley,
were exposed to levels of selenium that were sufficient to cause

embryotoxicity in 5 percent of the egpgs. The highest concencration of 35 ug/g

DW is comparable to mean selenium concentrations in stilt eggs at Kesterson

NWR.

Body burdens in the endangered Yuma clapper rail show an exposure to

selenium that may be affecting reproduccion. Similar body burdens and

potential adverse effects have been documented for rails from the lower

Colorade Biver.
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Temporal data show no statistically significant increases in selenigm

burdens in ruddy ducks wintering at the Salton 5ea. However, it is probable

chat selenium burdens are quickly established (in about 1 week) as birds

arrive at the Salton Sea in the autumn and are maintained at an elevated lewvel

until the birds leave in the spring.

Selenium was bicaccumulated by "clean" Asiatic river clams placed in a
major irrigation drain (Trifolium Drain) afrer increased irrigation during
spring planting. Indigenous clams accumulated selenium in proportion to the
relative irrigation drainwater inflow, thus showing that clams can serve as

excellent selenium biomonicors.
The only possible documented adverse effect on fisheries was cthe

exposure of some mosquitofish to sufficient selenium within the Trifolium

Drain to cause body burdens to exceed the 12 pg/g DW reproductive threshold,
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Boron concentrations in biota generally

Boron was Sound to bicazccumularte &T mosT ophic levels in marine amd

Agquatic

freshwater systems of the Salten Sea.
were higher at the Salton Sea in comparison with river and drain samples.
Limited sampling in areas not affected by agricultural drainwater indicare

Invercebraces

that minor local boron sources exist in the Salton Sea drainage.
vegetation and invertebrates of the Salton Sea and river and drain sites had

the greatest concentrations of boron in this investigation.
associated with sediments had higher levels than planktonic invertebrates.
may be

Migratory waterfowl feeding directly on food items containing boron
s 35 pg/g, on the basis of laboratory studies

e
WO

concentrations as lo
sxperiencing chronic reproductive effects such as reduction of weight gain in
ducklings and {(or) reduced hatchling weight.
Resident shorebirds (black-necked stilts) are bicaccumulating less boron
than migratory waterfowl; however, there is adequate accumulation to cause
reduced weight gain in the young. Growth rates of black-necked stilt young at
the Salton Sea in 1989 were significantly lower than growth raves of stilts

from sites (at Bolsa Chica} not affecrted by agricultural drainwacer.

Although organochlorine pesticides do not originate directly from

roxaphene, and

irrigation drainwater, they are continuing to be mobilized by tailwaver runoff
and {or) by resuspension of sediment in the rivers and drains flowing into the

Elevated concentrations of DDE (DDT metabolite),

Salton Sea.
dieldrin were found mainly in higher-trophic-ievel species such as softshelled

turcle, piscivorous birds, and birds of prey.
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DDE was found in 99 percent of all analyzed samples. Lower-food-chain
organisms had the lowest concentrations and higher-food-chain organisms had

the highest concentcrations of p,p-DDE and total DDT. Species associated with

freshwater (rivers and drains) had higher concentrations than species

collecred from the Salton Sea. Some of the highest concentrations were found

in birds feeding in agricultural fields on invertebrates and (or) small

mammals.

Migratory and resident species of birds may be experiencing reproductive
impairment as a result of DDE contamination in Imperial Valley. HMigratory
waterfowl and resident birds are consuming food that can exceed the 2.8 to 3.0
mg/kg DDE (WW) dietary intake shown to have adverse effects on waterfawl as

well as National Academy of Sciences guidelines for predacors (1.0 mg/kg WW,

freshwater species; 0.05 mg/kg WW, saltwater species). Birds of prey and

piscivorous birds, such as the endangered California brown pelican, are at the

greatest risk of eggshell thinning as a result of DDE bioaccumulation. Birds,

such as the white-faced ibils, feeding in agricultural fields also may be of

COncern.

DDE concentrations in biota collected as part of this investigation and

other studies done in the Salton Sea area have documented some of the highest

levels in Califormia. However, on the basis of DDE/DDT ratics and DDT/DDE/DDD

proportions, little evidence of recent DDT use, was observed in this

investigation.
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A total of 1% organochlorine pesticides otner than DDT ana its -
metsbolitves were found in biota from cthe Imperial Valley. Of these. onlv two.

roxaphene and hexachlorobenzene, were detected at concentrations above 1 ug/g
DW. The most frequently detected organochlorine pesticides were dieldrin-in 60
percent of samples and DCDA (dacthal) in 64 percent. No organochlorine
pesticide residues above the National Academy of Sciences threshold of 0.1

LE/g to protect predatory (pisciverous) birds were found in fish.
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Table 1. Subsurface-drainwazer sampling sites in the Imperial Valley, Mav 1988
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June 28. 1991

2
{Local identifier is Imperial Irrigarion Districr (11D) designation|
Local Local

Site ident- Lat- Long- Site ident- Lat. Lang-
No. ifier itude ide No. ifier ftude itude

1 S-03 I3TIS0N 115%3572"W 61 570 J2"52'43"N 115%4146™W

2 TD-2907 33m18'55°N 115733°40"W 62 5-68 32°S10TN 115°44723°W

3 554 33* 103N 115°3709"W 63 5333 J2*5106"N 115°43°35°W

4 5-38 33°10'58°N 115°36'15"W 64 5110 32°50%8°N 115°35TW

s S-45 33°10"10°N 115°3T50"W &5 5-67 32*S20TN 115°35735"wW

q 5226 33* 106N 115+ 13"21'W 66 5125 J2TA904N T1S*35'09"W

7 S5-269 33°10°37N 11531 W &7 §-265 32%4826"N 115%4012"°W

8 S417 3I3°1130°N 115*3340"W 68 5-398 JZ 49" 56N 11539 11w

9 5aR I3NUSTN 115433 39W 69 5148 32°5206"N 115°3003'W
10 TD-2013 3ITISN 115°26'55W m TD-1408 32%4930°N 115%29"46°W
i1 553 33 OT30N 115%46'S8"W 71 5234 32°49'55"N 115°323TW
12 85-26 33°09'15"N 115"48715"W 2 5-410 32°5118°N 115°32"10"W
13 5-219 33°04'53°N 115%41'5TW 73 S-411 J2°5140°N 115°3310"W
14 S-337 A304'35N 115%42°30"W 74 52 320527 30"N 11855 2345"W
15 5511 33°0823°N 115*39'19"W 75 S-4 I2*SAION 115 22730°W
16 5-43 33°092N 115"3748"W 75 5103 32%48'55"N 115°2703wW
17 5-57 33"06'53*N 115°34M42°W 77 5-247 32*50'48"N 115°TTn4"W
18 TD-1829 33*04°55"N 115 3440°W ! 5376 32v5213N 115°2T19'W
19 S-25 33*06'15°N 115 3339°W 79 572 32°50721°N 115°2116"W
2 51 33*07T30°N 115*3733'W 80 5169 127480N 115°1732"W
21 5119 33T082N 115%30°26"W g1 5187 2=48"12"N 115 2151w
n 5-243 130N 115°29°00"W B2 521 32°4TTN 115°45'52°W
23 5488 13*05"18°N 115 2728w 43 S22 32°4TS™N 115745'0T'W
24 TD-3038 330E3N 115°2235"W B4 5-130 32BN 115°45'46"W
35 D271 I3"0TIOCN 115"24'55"W 85 s 32 4940°N 115%434TW
28 TD-147 13*4'S5°N 115 2320°W 85 TD-293% 2°4205"N 115°45°10"W
27 5-364 I3mON 115°4271W §7 5352 3274528N 115°4331°W
i} 528 32°STIE°N 115*370TW 8 581 VSN 115%4110'W
29 5-69 3*0022"N 118*3T13"W 89 5113 J4SIN 115°35'08'W
30 5-94 33*02"12*N 115%38'45"W 90 S-115 32°45733°N 115*3710"W
31 5127 33*01"1S"N 11536707 91 5242 32°47T05"N 115%38'45"W
3 5-353 330328 N 115°34°36"W 92 $-392 R2ATAN 115°35'00"W
33 5-142 33°04726"N 11529 35"W 93 5423 J2*4259°N 115°3738"W
H 17 33*01"45"N 115° 3352w 4 593 32°4320"N 115°29'30%W
35 5.290 3+2N12*N 115°3029W 95 5221 32*45'58°N 115%30'43°W
30 5214 3" 0304°N 115%2844"W 96 5229 32*44'14°N 115°2943*W
37 5-385 BOFITN 115 928"W 7 5321 32°43722°N 115°32°30"W
k' 5-122 32 8ESIN 115%26'51™W 98 537 3274442°N 115°32735"W
39 5160 33 a30stN 1152T25"W %9 5-144 32*45°04"N 115%24'43*W
40 5212 3370304™N 118VZTSIW HEY S5-164 32*45'58°N 115"2T1W
41 5-241 33°04726"N LIS*2ITSTW 101 S-202 32°43'46°N 115°28'44"W
42 S-383 BN 115°2621"W 102 S-368 32*46"19"N 11524 1"W
43 TL-245 33°0120°N 115*20040"W 103 S-408 32*4320°N 115*2Ts0"W
44 5-230 32*5823°N 115%40°31"W 104 5176 32*45'55"N 115°19"10"W
15 555 32°5T00°N 115"3640"W 105 5-316 32°45'D4"N 115" 18'59"W
a6 5-256 325475 N 115"3800"W 106 5-336 32°43720°N 115°20740"W
47 5-295 3TN 115°38°58W 107 S5-386 32°44738°N 115°1734W
48 S-112 TEFIN 115%3T43W 108 5-393 32%448'02°N 115°18°15"W
49 S-424 32*53'58"N 115738°00"W 109 S-60 3273926"N 115*3T10"W
50 5154 J2*5354™N 1153101 110 5344 J2°40"B"N 1E5*3916"W
53 3105 32°56'55°N 115°3220rW i 5416 32442"16™N 115°38°16°W
52 5-133 32°STIS'N 115°32'10°W 112 S-108 32%4758™N TI5"31725 "W
53 S.153 32TSSATTN 11832 0TW 113 5-182 J2°4229°N 115°29°48™W
84 5-365 32*5T21°N 1157 28°25"W [14 5402 32°39°38™N 115*34°33°W
35 TD-2001 32*55'S5°N 115°22'59"W 115 5-59 32T40TN 115°2721°W
30 TD-2040 32*55'00™N 115725'40"W 1i6 5-267 32040045"N 1157 24726"W
37 TD-2554 3255°35°N 115°20°05"W 117 514 32%42'03"N 11520 5TW
58 5-322 3254°5T*N 115°18'36°W 118 $-360 32°419°N 115*29°46™W
29 3-396 32°56°16°N 115°18736™W 118 522 32%42'19"N 1157 15'58"W
i TD-2432 32°4912°N 115°36'09"W

?\
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Table 2.--Biological sampling sites and sampled constituents for the detailed investigarion OJ;' the
Salton Sea area

{Constituents: TE, trace elements; OC, organochlorine pesticides. Location of sites shown in figure 10]

Site

Description Site Description
No. or designation Constituents No. or designation Constituents
Salton Sea Drainwater ditches
RBi Salton Sea National TE B2 Trifolium 13 TE+QC
Wildlife Refuge Unit 1 B23 Trifolium 14 TE+OC
B2 Poe Road TE B24 Vail Cutoff TE+OC
B3 Saltan Sea Test Base TE B25 Vail 2A TE+OC
B4 Salton City TE B26 Vai 4 TE+QC
BS Salton Sea Beach TE B27 Vail 4A TE+OC
E6 Desert Shores TE B2§ Vail 5 TE+QC
B7 Desert Beach TE B29 5 TE
B3 Bob's Playa River Marina TE B3¢ Z TE
B9 Bombay Beach TE B31 81st Street TE
B10 S Drain Qutlet TE+OC B32 Johnson Street TE
Bl1 Alame River delta TE+OC Freshwater impoundments
B12 Red Hill Marina TE
B13  Vail 4 Drair Jutlet TE+OC B33  Shady Acres Duck Club TE+0C
Bl4  Obsidian Bu. 2 TE B34 D and K Duck Club TE+QOC
BlS  Bowies Road TE B35  RH Pond TE+OC
B16 New River delta TE+QC B3 HO Pond TE+0OC
Rivers and creeks B37 Reidman Pond TE+0OC
B38 Hazard Pond TE+OC
B17 New River at Rio Bend TE+QOC Tmperial Valley
Bi18 Alamo River at Garst Road TE+OC
g;’; gz ghpz Creck T’I‘E B39  South Brawley B/TE+0C
ce B40 McKendry Road B/TE+OC
B2l  Colorado River at Palo Verde ~TE+OC nory £oa [TE+OC

r.)
(93]
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Table 3.--Samples collected from biological sites in the Salton Sea areq, 1988-90

[Sites dcscribed in table 2}

Number of samples analvzed for:
Common name

Trace
(species) Sample Sites elements Pesticides
Vegelation

Filamentous green alga Composite B1B3,B4.B5, 12 0
(Chaetomorpha sp.) B6,87,B8,B9,

B12,B14,B15,B32
Tubular green alga Composite B1,B2,B3,B4, 13 0
{Enteromorpha sp.) B5,B6,B7.BS,

B9,B12,B14,

B15,B31
Blue-green alga Composite B32 1 0
{Myxophyceae sp.)
Common cattail Whole plant B19,B20,B30, 5 0
(Typha iatifolia) B31,B32

Iavertebrates
Pileworm Composite B11,B13 8 2
(Nereis succinea)
Waterboatman Composite B11,B16 3 3
(Corixa sp.)
Pelagic invertebrate Composite B18,B23 2 0
"mixture”
Crayfish Whole body B11,B16 2 2
(Procambraus clarkit)
Asiatic river clam Whole-body B16,B21.B22 16 12
(Corbicula fluminea) composite B23,B24,B30,
(Soft tissue B3z
only)

[
Ta
L2
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Table 3.--Samples collected from biological sites in the Salton Sea area, 1988-90--Conunued

Common name

Number of samples analvzed for:

Trace
{species) Sample Sites elements Pesticides
Fish
Mosquitofish Whole body B17,B19,B20, 5 1
(Gambusia affinis) B31LB32
Sailfin molly Whole body B17,B19,B20, 6 0
(Poecilia latipinna) B31,B32
Mudsucker Whole body B16 1 0
{Gillichthys mirablis)
Bairdiella Whole bady B10 5 5
(Bairdiclla icistius)
Amphibians
Bulifrog Whaole body B18 2 2
(Rana catesbeiana)
Reptiles
Spiny softshelled turtle Fat/liver/ B26,839 6 i
(Trionyx spinefents) egg
Birds
Black-necked stilt Carcass/ B11,816,B17, 137 123
(Himantopus mexicanus) cgg BZ3,B29,B35,
B37,B38,B40
American coot Liver B3 3 3
(Fulica americana)
Ruddy duck Liver/ B1,B13,B24, 71 27
(Oxypura jamaicensis) muscle B36,B38
Eared grebe Liver/ B14,B16 5 5
(Policeps caspicus) muscle
Northern shoveier Liver/ B11,833,837, 25 3
(Anus clypeatea) muscle B33
White-faced ibis Liver/ B47 9 9
(Plegudis chihi) muscle
Yuma clapper rail Carcass B29 1 0

(Rallus longirosuris
\umaiensis)

95

1991
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Table 4.-Summary of laboratories, types of analyses performed. year(s) analyses were perfomned.
and sample medium analyzed in the Salton Sea detailed investigation

{Anaivsis: ICP, Inductively coupled plasma scan for trace elements (including boron); AA, Atomic absorption

spectroscopy for arsenic, mercury, and selenium; OC, Organochlorine pesticide scan includes DDT, DDE, DDD,
dicldrin, hexachlorobenzene, and toxaphene]

Laboratary Analysis Year Media
Environmental Trace Substances ICP.AA 1988 Bird
Research Center 198% Vegetation, invericbrate, fish,
amphibian, reptile, bird
Hazleton Laboratory America ICP.AA 1988 Invertebrate, fish
1989 Bird
Mississippi State Chemisury oC 1988 Bird
Laboratory 1989 Invertebrate, fish, amphibian, reptile,
bird
Patuxent Analytical Control Facility ICPAA,OC 1990 Vegetation, invertebrate, fish
Texas A&M Research Foundation QC 1988 Invertebrate, fish, bird
Weyerhauser Analytical and Testing ocC 1987 [nvertebrate, fish, bird

Sarvices
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Table 5.--Highest acceptable detection linits of
irmigation drainwater contaminanis for biotic
samples in the detailed investigation

[Concentrations in micrograms per gram, wet weight]

Analytical technique
and contaminant

Detection limit?

Organochlorine scan
DDT, DDE, DDD
toxaphens

Inductively coupled plasma
emission Spectroscopy
boron
without preconcentration
with preconcentration

Hydride generation atomic
absorption spectroscopy
arsenic
selenium
Cold vapor reduction atomic

absorption spectroscopy
mercury

0.10
S0

a8

IDetection limits are greatly affected by sampie size.

297

June 24,

1991
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Table 6.-~Acceprable accuracy and precision >
guidelines for chemical analyses biotic samples

[Method: ICP, inductively coupled plasma
scan: AA, atomic-absorption spectrometry;
GC, gas chromatography]

+95 percent
. confidence interval
Region Region
Recovery of of ,
Method range detection? quantization”
Icp 80-120% 30% 15%
AA 85-115% 20% 10%
GC 80-120% 30% 15%

!Duplicate analyses fall within the region of detection
when their average concentration is between 2 and 10
times the limit of detection. If the average of the
duplicate analyses is less than 2 times the limit of
detection, no evaluation of the preeision is made., The
confidence interval is defined to be +2 times the limit of
detection.

2Duplicate analyses fall within the region of
quantitation when their average concentration is greater
than 10 times the limit of detection,
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Table 7.--Summary statistics for selected consrituents in monthiv samples of water from 15 »

subsurface drains in the Imperial Valley, August 1988-August 1989

[Average values ip italics are

for May 1988 sampling. ug/L, microgram per liter; Ib/yr, pound per vear]

Site Selenium concentration Selenium /chioride ratio )
(sump Av Resquar Selenium load
erage = e
No.) (.ug_/af) Range (ug/L) Average value (ib/yr)
S-72 61 =188 28 to 88 0.04 =0.01 52 29
68 0027
$-371 94 +30 43 to 140 033 +.005 87 23
76 033
5-176 50 =115 41 to 86 027 =004 83 21.5
51 023
S-154 19 +6.7 21t0 29 O3 =001 51 0.4
15 0033
S-344 51 +9.7 36 to 68 016 +.002 68 76
60 016
5.4723 158 %56 64 to 240 04 +.003 96 13
240 038
S-417 184 =99 19 to 340 019 £.004 92 16.7
300 018
S-142 135 =2 111to 17 047 =012 19 )
16 073
S-4 130 =25 91 to 170 016 +.002 58 212
170 018
S-265 78 +17 50to 99 036 £ 011 <1 55
76 4
§5-352 42 +19 12 to 65 02 £ 014 %0 4.2
45 011
5226 267 =15 71 to 360 025 =.007 28 409
250 023
5-269 267 «44 180 to 360 03 z01 3 54.6
230 029
S-94 35 16 17 to 67 011 =006 86 55
51 009
§-241 45 =16 13to 70 016 =003 28 42
30 025

INo flow observed.
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Table 8.--Summary statistics for selected dissolved constituents in water from five sites in tie
Impenal Valley, August 1988-August 1989

[#g/L., microgram per liter; mg/L, milligram per liter; --, no dataj

Selenium concentration (48/1)  gelenium / D f;?ig;’d" Selenium
Site i T . chioride  concentration load
Median Minimum  Maximum ratio (mg/L) (ton/yr)
East Highline Canal 2 2z 3 0.022 686 -
=03 = 0035 =41
Alamo River at international 4.5 3 10 0042 3,690 -
boundary =26 +.004 =501
New River at international 2 1 2 0015 2,670 0.5
boundary +0.5 +=.0006 =362
Alamo River at outlet to Salton 8 2 10 017 2,170 6.5
Sea =21 =.0026 =159
New River at outlet to Salton 4 4 5 0045 1835 x5
Sea =05 =.0006 =130
Trifolium Dran 1 6 5 10 012 2,350 -
=2 =.033 +798

300
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Resident shorebirds such as the black-necked scilt show elevated .
concencrations of DDE in carcass and eggs with an apparently small dietvary

intake of only 0.0l to 0.72 ug/g WW. The resultant bicaccumulation factor in
bodv tissues is as great as 1,200 times. There is concern thar if stilts are
adversely affected by DDE even though DDE levels in their food were low, more
environmentally sensitive species such as the endangered Yuma clapper rail may
also be effected. Declines in colonial water-bird populations, on the basis
of thresholds and guidelines established for piscivorous birds, may be related

ro elevated DDE concentrations and other drainwater contaminants. Gulls and

mammals (such as the raccoon) that eat bird eggs and fish also are being
exposed to some of the highest DDE concentrations found in the Imperial

Yalley. Typically, aquatic species are more sensitive te DDE contamination

(National Academy of Sciences, 1973). However; there is evidence that birds

feeding primarily in the agricultural fields also are accumulating elevated

levels of DDE. Resident birds of concern are white-faced ibis, cattle egret,

and several species of birds of prey.

242
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Table 9.--Selenium in biota. Salton Sea Area {1988-90) >
(Concentrations in micrograms per gram., dry weight; <, less than indicated detection hmit: --, no data; N, number of
sampies collected; DV, number of sampies with detectable values; GM, geometric mean (calculated using 1/2
detection limit when data set has more than 30 percent detectable vaiues)]

New and Alamo Rivers San Felipe and
Salton Sea and irrigation drains Salt Creeks
Sampie type N/DV GM  Range N/DV GM Range N/DV GM Range
AQUATIC VEGETATION
Blue-green algae 1/1 18  <071-1.7 — -
Filamentous green algae 12710 09 <71-1.7 - e -
Enteromorpha 13/8 07 <5813 — e -

EMERGENT VEGETATION
Cattail - - 3/0 - <64 2/1 - <0.62-1.1

INVERTEBRATES
Astatic river clam -- “e 5/5 44 26-6.4 - - -
Waterboatman 3/3 21 14-33 - -
Pileworm 3/8 31 08-121 - - e
Amphipod, pileworm,
waterboatman composite /2 28 631 - - - .
Craylish - - - 2/2 31 2433 -

FORAGE FISH

Maosquito fish - - /3 35 2647 /2 69 6474

Sailfin molly - - - 4/4 39 2558 2/2 64 5574
Longjaw mudsucker /1 61 - - -

Bairdiclla 5/5 129 120160 - -

- - wa

AMPHIBLANS AND REPTILES

Bullfrog - e - 2/2 44  3.6-54 - -
Spiny sofishelied turtle - - 6/6. 103 8.0-14.0

WATER BIRDS - RESIDENT
Black-necked stilt
(egg) 127/127 43 16-35 - - -
{carcass} 19/19 54 32-113 - - -

Coot (liver) - e - 3/3 103 79-163 - -
Yuma clapper rail - - /1 48

WATER BIRDS - MIGRATORY
Ruddy duck
(liver) 57/57 117 52.415 - - -
{muscle) 1717 - 2712 - -
Northern shoveler
(liver) - - 19/19 191 9.1470 - -
(muscle) S -- 6/6 52 38120 - -
White-laced ibis
{carcass) - .- - 9/9 3.3 3966 -

(iivcr) - - - 9/9 74 3132 -- -
Eared grebe (liver) 5/5 127 27351 - -

ity



PRELIMINARY SUBJECT TO REVISION

Table 10.~Selenium concentrations in algae
from Salton Sea area and other locarions

(Concentrations in micrograms per gram, dry weight.
Values for Kesterson National Wildlife Refuge (NWWR)
and Volta Wildlife Management Area (WMA) are [rom
Schuler, 1987. Values for Ferniey Wildlife Management
Area (WMA) are from Hoffman and others, 1990.
Salton Sea values are from this detailed study. ND, not
detected.]

Number of Geometric

Location Samples Mean Range
Salton Sea area 12 09 (ND-1.7)
Kesterson NWR 9 309 (14-120)
Ferniey WMA 6 1.4 (ND-2.2)
Volta WMA 6 03 {ND-0.5)
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PRELIMINARY SUBJECT TC REVISION

Table 11.--Selenium concentrations in carntail
from Salton Sea area and other locanons

[Concentrations in micrograms per gram, dry weight,
Values for Kesterson National Wildlife Refuge (NWR)
and Volta Wildlife Management Area (WMA) are for
leaves ondy {from Schuler, 1987). Valunes for Fernley
Wildlife Management Area {(WMA) are for leaves only
(from Hoffman and others, 1990). Values for Salion
Sea are for whole plants from this detailed study. ND,
not detected; <, less than quantitation limit; --, not
determined)

Number of Geometric
Location samples mean  Range

Salton Sea area

Major agricultural 3 <0.6 -
drains
San Felipe and Salt 2 - {ND-L.1)
Crecks
Kesterson NWR 1z 372 (17-160)
Fernley WMA 3 <3 -
Volta WMA 6 06 (ND-1.2)
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PRELIMINARY SUBJECT TO REVISION

Table 12.--Selenium concentrations in

waterboatman from Salton Sea area and other
locations

{Concentrations in micrograms per gram, dry weight.
Values for Kesterson National Wildlife Refuge (NWR)
and Voita Wildlife Management Area (WMA) are from
Schuler, 1987. Values for Fernley Wildlife Management
Arca (WMA) are from Hoffman and others, 1990.

Salton Sea values are from this detailed study. ND, not
detected)

Number of Geometric

Location sampies mean  Range
Salton Sea area 3 21 (1.4-33)
Kesterson NWR 18 186  (59-130)
Fernley WMA 2 41 (3.5-4.7)
Volta WMA 9 16 (L.1-1.9)
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PRELIMINARY SUBJECT TO REVISION

Table 13.--Selenium concentrations in

mosquitofish from Salton Sea area and otier
locations

|Concentrations in micrograms per gram, dry weight.
Values for Kesterson National Wildlife Refuge (NWR)
and Volta Wildlife Management Area (WMA), North
Grasslands are from Ohlendorf and others, 1987.
Values for Fernley Wildlife Management Arca (WMA)
are from Hoffman and others, 1990. All other values
are from the Saiton Sea agriculturai drainwater study]

Number of Geometric
Location samples mean  Range

Salton Sea area

Major agricultural 2 10.8 73-16
drains
San Felipe and Salt 2 6.9 6474
Creeks
Minor agricultural 3 35 2.6-4.7
draing
Kesterson NWR 12 226 90-430
North Grassiands 6 7.0 54-8.6
Fernley WMA 2 41 39-44
Volta WMA 3 19 12-3.0




PRELIMINARY SUBJECT TO REVISION June 24, 1291
Table 14.--Selenium concemtrarions in black-

necked stilt eggs from Salton Sea area and other
locarions

N

{Concentrations in micrograms per gram, dry weight.
Values for Kesterson National Wildlife Refuge (NWR),
Volta Wildlife Management Area (WMA), and
Grassiands Water District (WD) are from Ohlendarf
and others, 1987, Salton Sea values are from this
detailed study]

Nuinber of Geametric

Location samples mean  Range
Sallon Sea area 128 43 (1.6-35)
Kesterson NWR 37 248  (52-64)
Grassiands WD 6 47 (3857
Volta WMA 10 24 (163.4)
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PRELIMINARY SUBJECT TO REVISION

Table 13.--Selenium concentrations in black-

necked stilt livers from Salton Sea area and
other locations

(Concentrations in micrograms per gram. dry weight,
Values for Kesterson National Wildlife Refuge (NWWR),
South and North Grasslands and Volta Wildlife
Management Area (WMA) are from Qhlendorf and

others, 1987. Salton Sea values are from Setmire and
others, 1990]

Number of Geometric

Location samples mean  Range
Salton Sea area 12 217 (19-27)
Kesterson NWR 9 464 (19-80)
South Grasslands 13 356 (9.7-53)
North Grasslands 10 127 (43-41)
Volta WMA 4 78 (63-9.9)
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PRELIMINARY SUBJECT TC REVISION

Table 16.--Selenium concentrations in coot
livers from Salton Sea area and other locations

(Concentrations in micrograms per gram, dry weight.
Values for Kesterson National Wildlife Refuge (NWR),
South and North Grasslands Water Districes (WD) and
Volta Wildlife Management Area (WMA) are from
Ohlendorf and others, 1987. Salton Sea vaiues are from
this detailed study and Setmire and others, 1990]

Number of Geometric

Location samples mean  Range
Salton Sea area 7 123 (7.9-2)
Kesterson NWR 23 8LS  (19-160)
South Grasslands WD 5 233 (17-30)
North Grasslands WD 5 119  (7.0-28)
Volta WMA 12 54 (1.8-14)

308

June 28,

1691



PRELIMINARY SUBJECT TO REVISION

June 24, 10481

—

Table 17.--Boron in biota from the Salton Sea Area (1986-90)

o

[Concentrations in micrograms per gram. dry weight; <, less than indicated detection limit: --, no data: N, number of
samples collected; ND, number of samples with detectable values; GM, geometric mean (noo-detected values
calcuiated using 1/2 detection limit when data set has more than 50 percent detectable values)]

New and Alamo Rivers San Fclipe and
Salton Sea and irrigation draing Salt Creeks
Sample type N/DV  GM  Range N/DV  GM Range N/DV  GM  Range
AQUATIC VEGETATION
Biue-green aigae /1 270 e - - - - . -
Filamentous green algae 12/11 170 <65-3%0 - - -- - -
Enteromorpha 13/10 115  <55-230 - - - - - -
EMERGENT VEGETATION
Cattail - -- s 3/0 - <75 2/2 1044 99-110
INVERTEBRATES
Pileworm 8/7 702 22160 -- -- - -- - -
Waterboatman 3/1 134 10-21 - - - - - -
lavertebrate composite! /1 110 . - - - - . .
Invertebrate composite? /1 200 - - - - - - -
Aslatie river clam - - - 5/0 - <292 - - -
Crayfish - - - 2/0 - <239 - -
FISH
Mosquitofish - - - 3/0 -- <221 2/0 - <45
Sailfin molly - e - 4/0 g <182 2/0 . <13
Longjaw mudsucker o - <253 - e - . -
Bairdiclla 5/5 62 5083 - - - - -
AMPHIBIANS AND REPTILES
Bullfrog - e ~ 2/2 3.9 3-5 - - -
Spiny softshelled turtle - - - 6/6 27 2-5 - -
BIRDS - MIGRATORY
Ruddy duck
(liver) S4/42 27 <2-73 - - - - -
{muscie) 17/6 -- <24 - - - -- - -
Northern shoveier
(liver) - - 19/18 39 <2463 - -
(muscie) - - 6/2 - <23 - - --
White-faced ibis
(liver) - - - 9/0 - <17 - - -
(muscle) - - - 9/1 - <33 - - -
Eared grebe
(liver) 5/1 - <22 - - -

BIRDS - RESIDENT
Black-necked stilt
(egg) 83/30 18 <260 - - -
(muscle) 19/18 30 <266 - -
American coot
(liver) - - - 3/1 - <3-4 - . -
BIRDS-ENDANGERED
Yuma clapper rail - - -- /1 130

! Waterboatmen and amphipods.
% Waterboatmen, amphipods, and pileworms.
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PRELIMINARY SUBJECT TO REVISION

Table 18.--Comparison of boron concemtration

in filamentous algae ar Saiton Sea area and
other locations

[Conceatrations are in micrograms per gram, dry weight.
Values for Stillwater Wildlife Management Area
{WMA) reconnaissance investigation {Carson Lake} and
background location (Carson Valley) from Hoffman and
others (1990b) and for Kesterson National Wildlife
Refuge (NWR) and Volta Wildlife Management Arca
(rom Schuler (1987). N, number of samples analyzed;

DV, number of samples with detectable values; --, not
determined)

Geometric
Location N/DV mean Range

Salton Sea area 12/11 270 <65-390
Stillwater WMA

Carson Lake 13/13 - 110-410

Carson Valley 3/0 - <40.0-<81.0
Kesterson NWR 9/9 501 390-787
Volta WMA. 6/6 5.1  64-140
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PRELIMINARY SUBJECT 7O REVISION

Table 19.-~Comparison of boron concentrarion
in submerged aquatic vegetation collecred at
Salton Sea area and other locations

{Concentrations are in micrograms per gram, dry weight.

Values for Salton Sea from Setmire and others (1990),
Kesterson National Wildlife Refuge (NWR) from
Schuler (1987), and Stiliwater Wildlife Management
Area (WMA) and Carson Lake from Hoffman and
others (1990b). N, number of sampies anaiyzed; DV,

number of samples with detectable values; --, not
determined]

Geometric
Location N/DV mean Range
Salton Sea area 1/1 370 370
Kesterson NWR 21/21 371 120-780
Stillwater WMA 8/7 - <5.6-1,200
Carson Lake 8/8 - 76.5-539
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PRELIMINARY SUBJECT 70 REVISION June 24, 1991
Table 20.--Levels of boron in female ruddy 5
duck livers, Salton Sea, 1988-89

[Concentrations in micrograms per gram, dry weight; <,
less than indicated detection limit; N, number of
samples collected; ND, number of samples with
detectable values; GM, geometric mean (non-detected
values calculated using 1/2 detection limit when data set
has more than 50 percent detectable values); --,

determined]

Sampic Geometric

period N/DV mean Range
November 1988 11/1 - <34
December 1988 10/0 - <3
March 1989 12/11 33 <266
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PRELIMINARY SUBJECT TC REVISIUN June 28, 1991

Table 21.--Total DDT in biota from the Salton Sea area. 1986-90

>

{Concentrations in micrograms per gram. dry weight; --, no data; N, number of samples collected: DV, number of
samples with detectable values; GM, geometric mean (calculated using 1/2 detection limit when data set has more
than 50 percent detectable values)}

New and Alamo Rivers

Sample type and irrigation drains Salton Sea
N/DV GM Range N/DV GM Range
INVERTEBRATES
Asiatic river clam - - - 12/11 32 0.13-5.74
Crayfish - - - 4/4 31 0.1-0.68
Waterboatman 5/5 04 01-.07 - - -
Pileworm z/2 04 (3-.04 - -- -
FISH
Mosquitofish - - - 3/3 59 57-61
Sailfin molly - - 5/5 22 14-35
Red shiner - - - 1/1 5.82
Bairdiella 5/5 10 08-.12 - - -
Tilapia 12/12 25 07-41 - - -
Corvina {fillet) 1/1 ®» - - .
AMPHIBIANS AND REPTILES
Bulifrog - - wn 2/2 06 01-38
Spiny sofishelled turtie
(fat) - - 6/6 1520  1121-21.89
{eggs) - - - 1/1 796 .
BIRDS-MIGRATORY
Northern shoveler {breast) - - - 6/6 58 17-2.14
Ruddy duck (breast) 30/30 27 096-1.55 - - -
Eared grebe (breast), 5/5 28 17-1.1 - - -
White-faced ibis
(fat) - - - 9/9 579 jgnm2
(liver) - - e 9/9 6.06 3.14-9.85
BIRDS-RESIDENT
Black-necked stiit
{carcass) 38/38 69 02-2.76 - - -
(cem) 84/84 .57 05-12.1 - - -
American coot
(liver) - - - 3/3 01 01-.03
(breast) - e - 4/4 22 09-45
Double-crested cormorant
{breast) 3/3 1.1 38492 -~ - "
Cattle egret - - . /2 232 221-2.43
Herring gull 1/1 2.81 - . -
Barn owl (breast) - -- - i/1 271
Great blue heron (breast) - - - -ij L 13.03

313



PRELIMINARY SUBJECT TO REVISION June 28, 1961

Table 22.--p,p’-DDE in biota from the Salton Sea area, 1986-1990 5

{Concentrations in micrograms per gram. dry weight; --, no data; N, pumber of sampies collected: DV. number of
samples with detectable values; GM, geometric mean (calculated using 1/2 detection limit when dala set has more
than 50 percent detectable vaiues)}

New and Alamo Rivers
Sample type and irrigation drains Salton Sea

N/DV GM Range N/DV GM Range

INVERTEBRATES
Asiatic river clam - .-

Crayfish - 4/4 31 01-68
Waterboatman 5/5 01-.07 — -

04
Pileworm 2/2 04 03-04 -

= 12/11 30 013-535

FISH
Mosquitofish = - 3/3 58
Sailfin molly - - - 5/5 21 14-35
Red shiner o - - 1/1 5.70 -
Bairdielia 5/5 10 08-12 -
Tilapia 12/12 23 07-37 --
Corvina (fillet only) 1/1 07 - -

5461

AMPHIBIANS AND REPTILES
Bulifrog - -
Spiny softshelled turtie

(£at) - - 6/6 1480  11.00-21.00
(egzs) - - - 1/1 7.80

- 2/2 06 01-38

BIRDS-MIGRATORY
Morthern shoveler (breast) - -
Ruddy duck (breast) 30/30
Earcd grebe (breast) 5/5
White-faced ibis
{fat) - -
(liver) - e

6/6 55 17-2.10

26 096-1.50 - - -
28

17-1.10 - -

-

9/9 557  3.70-110
- 9/9 593 3.109.60

BIRDS-RESIDENT
Black-necked stilt
(cgg) 84/84 254 05-12.0 -
{body) 38/38 .69 02-2.76
American coot
(liver) 3/3 014 01-03

(breast) 4/4 2 09-45
Double-crested cormarant

(breast) 3/3 113 38-4.90 -

Cattle egret - o - 272 2.3 2.20-240
Herring gull 1/1 2.80 - .-

Barn owi (breast) s - - 1/1 2.7
Greal blue heron (breast) - - - 1/1 13.0

— an

—
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PRELIMINARY SUBJECT TO REVISION

Table 23.--Comparison of p.p-DDE
concentrarions in mosquitofish from California
drainwater areas and fish from the National
contaminant Biomonitoring Program.

{Concentrations in micrograms per gram, wet weight.
TS (Toxic Substances Monitoring Program) values
ront SWQCE (1990); Tulare Basin values from
Schroeder and others {1988), and values for NCBP
(National Coataminant Biomonitoring Program) from
Schmin and others (1985, 1990); GM, geometric mean;
ND, not detected]

Location GM Range
Salton Sea Area
Detailed investigation 058 0.54-0.61
TSMP 1.10 {one composite)
Tulare Basin 0.14 0.10-0.34
NCBP 1981 0.20 0.01-2.57
NCEP 1984 0.19 ND-4.74
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PRELIMINARY SUBJECT TO REVISION June 28, 1991

Table 24.—~Comparison of p,p’-DDE concentrations in cormorant tissues (muscle and carcass) from
contaminated sites in the Western United States

[Concentrations in micrograms per gram, wet weight. Values for Houston Shipping Channel from King (1989a) and
lower Colorado River from Radtke and others (1988). N, number of sampies analvzed; DV, number of samples with
detectable values; GM, geometric mean; —, not determined]

Species Location N/DV GM Range
Double-crested cormaorant Salton Sea 3/3 1.13 0.38-49
Olivaceous cormorant Houston Shipping Channel  10/10 80 0.20-2.3
Double-crested cormaorant Houston Shipping Channel  10/10 93 0.40-23
Double-crested cormorant Lower Colorado River 3/3 -- 2.10-6.6
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PRELIMINARY SUBJECT TO REVISION

Table 25.--Colonial water-bird survey of active

nests at rookery areas along the south and

southeast shores of the Salton Sea

Number of active nests

Spedes

1987 1988 1989 1990
Great biue heron 246 208 0 135
Cattle egret 1373 850 98 0
Snowy egret 9 3. 80 0
Great egret 85 ‘8 53 4

Double-crested
cormorant 63 .51 9 0
Total L7716 1,126 231 19
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PRELIMINARY SUBJEbT TO REVISION June 2§. 1991

Table 26.--Concentrations of selected organochlorine pesticides in biological samples collected from
the Salton Sea area and Imperial Valley, 1986-90

[Concentrations in milligrams per gram (parts per million) wet weight. <, less than indicated
analytical detection limit]

Number of sampies Samples with

('_‘ q d o re<id Concentration
‘ompoun detectable residue

analyzed Number Percent (range)
Aldrin 37 1 2.7 <0.0-0.01
Qxychlordane 269 % 337 <0.01-0.64
gammachlordane 269 8 30 <0.01-0.08
alphachiordane 269 39 14.5 <0.01-024
Dieldrin 269 162 6.01 0.01-0.85
Endosuifan I 11 1 91 <0.01-0.01
Endosulfan 11 1 91 <0.0140.02
Endosulfan sulfate 11 i 9.1 <(.01-0.02
Endrin 69 9 33 <0.01-0.03
Heptachior 269 0 0.0 <001
Heptachlor epoxide 269 50 18.6 <0.01-0.06
Methoxychlor 11 3 213 <0.01-0.03
Toxaphene 269 21 78 <(.01-70
Hexachlorobenzene 3 100 44.8 «{.01-2.9
Alpha-BHC prxl 0 0 <0.01
Beta-BHC 3 & 359 2001-036
Gamma-BHC (lincanz) 223 0 00 <001
Delta-BHC 23 2 09 <0,01-0.05
Trans-nonachlor 269 55 204 <0.01-0.29
Cis-nonachior 269 8 30 <(0.01-0.11
Mirex 23 4 17 <0.01-0.04
DCPA 11 T 636 <(.01-032
Dicolol 11 0 0 <(.01
Tetradifon 11 0 0 <001
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Table 28.--Number of bird species (resident.
rugrant, or federally endangered) in the
Salton Sea area that potentally are adversely
affected by selenium, boron. or DDE.

{Number before diagonal is number of species
potentially adversely affected by contaminant.
Number after diagonal is total number of
species in type category]

Type of bird

Drainwater contaminant

Se B DDE

Resident
Migrant
Endangered

3542 B2 34/42
68/82  53/&2  51/82
3/4 1/4  4/4
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Figure 1. Location of studyv area.

Figure 2. The Salton Sea. Looking east from south end of the sea toward the Chocolate Mountains,
Figure 3. The Salton Sea. Looking west across the north end of the sea toward Obsidian Butc.
Figure 4 Trophic relations among organisms ol the Salton Sca.

Figure 5. Trophic relations among organisms of rivers and drains.

Figure 6.  Numerous species of water birds utilizing the Salton Sea.

Figure 7. Dowitchers (Limnodromus griseus) feeding on invertebrates at the south end of Salton Sea,
Figure 8,  Selenium cycle in aquatic ecosystems.

Figure 9. Subsurface-drainwater and surface-water sampling sites in the study area.

Figure 10. Biological sampling sites in the study area.

Figure 11. Regression plot of 1988 and 1986 selenium concentrations in subsurface-drainwater sarnplcg collected in

e imperial Valley.

Figure 12.  Areal distribution of selenium concentration in subsurface-drainwater samples collected in the Imperial

Valley, May 1988,

Figure 13. Areal distribution of dissolved-solids concentration in subsurface-drainwater samples collected in the
[mperial Valley, May 1988,

Figure 14. Temporal variation in conceatratians of selected constituents in subsurface-drainwater samples collected
from 1S ficlds in the Imperial Valley, August 1988-August 1989,

Figure 15. Mean daily discharge in the Alamo River near Niland and the New River near Westmorland, water yea:
1989,

Figure 16.  Contribution of trench flow to subsurface drainflow from a typical sump in the Imperial Valley.

Figure 17. Movement of water and layout of subsurface drains and soil-sampling sites in a typical field in the
Imperial Valiey.

Figure 18. Regression plot of bydrogen and oxygen isotopes and the meteoric water line for subsurface-drainwater
samples collected in the Imperial Valley, May 1988,

Figure 19. Regression plot of hydrogen isotopes and chloride for subsurface-drainwater samples collected in the
{mperial Valley, May 1988,

Figure 20. Regression plot of chioride and selenium for subsurface-drainwater samples collected in the Imperial

Valley, May 1988,
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Figure 21.  Selenium to chloride ratios in subsuriace-drainwater sampies collected at 119 sites in the Imperial Vallus
Mav 1988,
Figure 22, Regression plot of hydrogen isotopes and fog,, normalized chloride for subsurface-drainwater samples
collected in the Imperial Valley, May 1988.

Figure 23.  Regression plot of log,, normalized chloride and boron for subsurface-drainwater samples collected

during in the Imperial Valley, May 1988.

Figure 24, Regression plot of log,, normalized boron and dissolved solids for subsurface-drainwater samples
collected in the Imperial Valley, May 1986. (Collected by California Regional Water Quality Control Board, Region
VIL)

Figure 25.  Boron to chloride ratios in subsurface-drainwater samples collected in the Imperial Valley, May 1988.
Figure 26. Regression plot of hydrogen and oxygen isotopes and the meteoric water line for water samples from

wells and lysimeters at three sites in the Imperial Valley.

Figure 27.  Tritium concentration in water samples from lysimeters and wells at selected fields in the Imperial
Valley,

Figure 28. Trilum concentration in water sampies from the Colorado River, 1960-88.

Figure 29. Concentrations of selected constituents, in relation to depth, for water samples collected from wells and
lysimeters at the northemn site (near S-417) in the Imperial Valley.

Figure 30. Concentrations of selected constituents, in relation to depth, for water samples collected from wells and
lysimeters at the middie site (near S§-154) in the Imperial Valley.

Figure 31. Concentrations of selected constituents, in relation to depth, for water samples collected from wells and
lysimeters at the southern site (ncar S-371) in the Imperial Valley.

Figure 32 Areal distribution of selenium in bottom sediments at the southern end of the Salton Sea,

Figure 33. Selenium bioaccumulation in transplanted Asiatic river clams, 1989-90.

Figure 34. Selenium exposure levels in livers of water birds and shorebirds utilizing the Salton Sea.

Figure 35. Selenium exposure levels in livers of water birds and shorebirds utilizing rivers and drains,

Figure 36. Cumulative distribution of selenium in black-necked stilt eggs from the Salton Sea, 1988-89,

igure 37.  Selenium pathway in the Salton Sea.

Figure 38. Selenium concentration in food-chain organisms of the Salton Sea.

Figure 39. Selenium pathway in rivers and drains.
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Figure 40,

Figure 41

Figure 42.
Figure 43,
Figure 44.
Figure 45,
Figure 46.
Figure 47.
Figurc 48.
Figure 49.

Figure 50.

species.

Figure 51,

Selenium concentration in food-chain organisms ol rivers and draius.

Boron bioaccumulation in transplanted Asiatic river clams,

Boron concentration in livers of water birds and shorebirds from the Salion Sea area.
Cumulative distribution of boron in biack-necked stilt eggs from the Salton Sea.
Boron pathway in the Salton Sea.

Boron pathway in rivers and drains.

Boron concentration in food-chain organisms of the Salton Sea, 1986-90.

Boron concentration in {ood-chain organisms of rivers and drains.

DDT conceatration in transplanted Asiatic river clams.

Total DDT concentration for three species of fish from the Salton Sea.

DDT concentrations in black-necked stilt eggs and reproductive-impairment thresholds for various bird

Correlation berween DDE concentration and eggshell thickness for

black-necked stilts from the Salton Sea, 1988-89.

Figure 52. p,p-DDE concentration in black-necked stilt eggs from selected nesting populations in the Salton Sea
arga, 1988-19,

Figure 53. DDE concentration in black-necked stilt eggs from selected nesting populations in the Salton Sea area,
1589

Figure 54. DDE pathway in the Salton Sea.

Figure 55. DDE pathway in rivers and drains.

Figure 56. Total DDT concentration in food-chain organisms of the Salton Sea.

Figure 57.  p,p’-DDE concentration in food-chain organisms of the Salton Sea.

Figure 58. Total DDT concentration if food-chain organisms of rivers and drains.

Figure 59, p,p’-DDE concentration in food-chain organisms of rivers and drains.
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Figure 1. Location of study area.




Figure 2. The Salton Sea. looking east from south end of the sea toward the

Chocolate Hountains.
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Figure 6. Numerous species of water birds utilizing the Salton Sea.



Figure 7. Dowitchers (Limnodromus griseus) feeding on invertebrates at the south

end of Salton Sea.
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Figure 8. Selenium cycle in aquatic ecosystems.
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Figure 15. Mean daily discharge in the Alamo River near Niland and the New River

near Westmorland, water year 1989.
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drainwater samples collected in the Imperial Valley, May 1988,
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Figure 53. DDE concentration in black-necked stilt eggs from selected nesting

pooulations in the Salrton Sea savea, 1989.
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Figure 56. Total DDT concentration in food-chain organisms of the Salton Sea.
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p.p’'-DDE concentration in food-chain organisms of the Salton Sea.

Figure 57.
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Figure 58.
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p.p’ -DDE concentration in food-chain organisms of rivers and drains.

Figure 59.





